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(57) A synchronous induction motor (2) features im- 
proved assemblability of a rotor (5), significantly re- 
duced production cost and improved operation per- 
formance of the motor. A plurality of die-cast secondary 
conductors (5B) is provided around a rotor yoke (5A) 
constituting the rotor of the synchronous induction motor 
(2). End rings (68,69) are die-cast integrally with the sec- 
ondary conductors (5B) on the peripheral portions of 
both end surfaces of the rotor yoke (5A). Permanent 
magnets (31) are inserted into slots (44) formed such 
that they penetrate the rotor yoke. The openings of both 
ends of the slots (44) are closed by a pair of end surface 
members (66,67)formed of a non-magnetic constituent. 
One (67) of the end surface members (66,67) is secured 
to the rotor yoke by one (69) of the end rings (68,69) 
when the secondary conductors (5B) and the end rings 
(68,69) are formed. The other end surface member (66) 
is secured to the rotor yoke (5A) by a fixture (66A). 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates to a synchronous 
induction motor constituted by a plurality of secondary 
conductors provided on the peripheral portion of a rotor 
yoke, an end ring which is positioned on the peripheral 
portions of both end surfaces of the rotor yoke and which 
is integrally formed with the secondary conductors by 
die casting, and a permanent magnet embedded in the 
rotor yoke. 

2. Description of the Related Art 

[0002] Conventionally, an air conditioner or a refriger- 
ator, for example, incorporates a hermetic electric com- 
pressor for the refrigerating cycle of a cooling unit of the 
air conditioner or the refrigerator. As an electric constit- 
uent for driving the compressor, an induction motor, a 
DC brushless motor, or a synchronous induction motor 
driven by a single-phase or three-phase commercial 
power supply has been used. 

[0003] The rotor of the synchronous induction motor 
is constituted by a stator having stator windings and a 
rotor rotating in the stator. A plurality of secondary con- 
ductors positioned around a rotor yoke that makes up 
the rotor are die-cast. Furthermore, end rings are inte- 
grally formed with the secondary conductors by die- 
casting onto the peripheral portions of both end surfaces 
of the rotor yoke. Slots are formed through the rotor 
yoke, permanent magnets are inserted in the slots, and 
the openings at both ends of the slots are respectively 
secured by end surface members. 
[0004] The permanent magnets to be provided in the 
rotor are inserted in the slots formed in the rotor yoke, 
then secured by fixing members. Furthermore, in order 
to ensure good rotational balance of the rotor, balancers 
are installed in the vicinity of the end rings positioned on 
the peripheral portions of the end surfaces of the rotor 
yoke. In this case, afterforming the end rings by die cast- 
ing, the end surface members for fixing the permanent 
magnets in the slots and the balancers are separately 
installed. This has been posing a problem in that the as- 
sembling efficiency of the synchronous induction motor 
is considerably deteriorated. 

[0005] Furthermore, in order to secure the space for 
the slots for fixing the permanent magnets in the rotor, 
the end rings have to be made small. This inevitably 
leads to small sectional areas of the end rings. As a re- 
sult, the heat generated by the rotor during operation 
increases, leading to a problem in that running perform- 
ance is degraded due to degraded magnetic forces of 
the magnets, and, if rare earth type magnets are used 
for the permanent magnets, then significant demagnet- 
ization occurs. 



SUMMARY OF THE INVENTION 

[0006] Accordingly, the present invention has been 
made with a view toward solving the problems with the 
5 prior art described above, and it is an object of the 
present invention to provide a synchronous induction 
motor that features improved assemblability of a rotor 
of a synchronous induction motor and improved running 
performance. 

w [0007] According to one aspect of the present inven- 
tion, there is provided a synchronous induction motor 
having a stator equipped with a stator winding : a rotor 
rotating in the stator, a plurality of secondary conductors 
which is positioned around a rotor yoke constituting the 

15 rotor and which is formed by die casting, end rings which 
are positioned on the peripheral portions of both end 
surfaces of the rotor yoke and which are integrally 
formed with the secondary conductors by die casting, 
permanent magnets inserted in slots formed such that 

20 they penetrate the rotor yoke, and a pair of end surface 
members formed of a non-magnetic material that closes 
the openings of both ends of the slots, wherein one of 
the end surface members is secured to the rotor yoke 
by one of the end rings when the secondary conductors 

25 and end rings are formed, and the other end surface 
member is secured to the rotor yoke by a fixture. There- 
fore, one of the end surface members can be secured 
to the rotor yoke at the same time when the secondary 
conductors and the end rings are die-cast. 

30 [0008] With this arrangement, after the permanent 
magnets are inserted into the slots, the permanent mag- 
nets can be secured to the rotor merely by securing the 
other end surface member to the rotor yoke by a fixture. 
It is therefore possible to reduce the number of steps for 

35 installing the permanent magnets with resultant im- 
proved assemblability, permitting the overall productiv- 
ity of synchronous induction motors to be dramatically 
improved. 

[0009] According to another aspect of the present in- 

40 vention, there is provided a synchronous induction mo- 
tor having a stator equipped with a stator winding, a rotor 
rotating in the stator, a plurality of secondary conductors 
which is positioned around a rotor yoke constituting the 
rotor and which is formed by die casting, end rings which 

45 are positioned on the peripheral portions of both end 
surfaces of the rotor yoke and which are integrally 
formed with the secondary conductors by die casting, 
permanent magnets inserted in slots formed such that 
they penetrate the rotor yoke, and a pair of end surface 

50 members formed of a non-magnetic material that closes 
the openings of both ends of the slots, wherein a non- 
magnetic member is disposed in contact with the inner 
sides of the two end rings to secure the two end surface 
members by pressing them against the rotor yoke by the 

55 non-magnetic member. It is therefore possible to in- 
crease the sectional areas of the end rings by the 
amount provided by pressing the end surface members 
against the non-magnetic member. 
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[0010] With this arrangement, the loss of the rotor can 
be decreased by the amount equivalent to the increased 
portion of the sectional areas of the end rings. This al- 
lows the amount of generated heat of the rotor to be re- 
duced, making it possible to significantly improve the 
running performance of the synchronous induction mo- 
tor. 

[001 1] According to yet another aspect of the present 
invention, there is provided a synchronous induction 
motor having a stator equipped with a stator winding, a 
rotor rotating in the stator, a plurality of secondary con- 
ductors which is positioned around a rotor yoke consti- 
tuting the rotor and which is formed by die casting, end 
rings which are positioned on the peripheral portions of 
both end surfaces of the rotor yoke and which are inte- 
grally formed with the secondary conductors by die cast- 
ing, permanent magnets inserted in slots formed such 
that they penetrate the rotor yoke, and a pair of end sur- 
face members formed of a non-magnetic material that 
closes the openings of both ends of the slots, wherein 
a balancer formed into a predetermined shape before- 
hand is secured by a fixture to the rotor yoke together 
with the end surface member. Therefore, the ease of in- 
stallation of the balancer can be considerably improved. 
[0012] With this arrangement, it is no longer neces- 
sary to secure the permanent magnets and the balancer 
separately, with consequent greater ease of installation. 
This permits dramatically improved productivity of the 
synchronous induction motor. 

[001 3] According to still another aspect of the present 
Invention, there is provided a synchronous induction 
motor having a stator equipped with a stator winding, a 
rotor rotating in the stator, a plurality of secondary con- 
ductors which is positioned around a rotor yoke consti- 
tuting the rotor and which is formed by die casting, end 
rings which are positioned on the peripheral portions of 
both end surfaces of the rotor yoke and which are inte- 
grally formed with the secondary conductors by die cast- 
ing, permanent magnets inserted in slots formed such 
that they penetrate the rotor yoke, and a pair of end sur- 
face members formed of a non-magnetic material that 
closes the openings of both ends of the slots, wherein 
a plurality of laminated sheet balancers is secured by a 
fixture to the rotor yoke together with the end surface 
member. Therefore, the ease of installation of the bal- 
ancer is improved, permitting dramatically improved 
productivity to be achieved. 

[001 4] Furthermore, since a plurality of sheet balanc- 
ers is laminated, using inexpensive metal sheets for the 
balancer allows a considerable reduction in the cost of 
the balancer. This leads to a dramatically reduced pro- 
duction cost of the synchronous induction motor. 
[001 5] According to a further aspect of the present in- 
vention, there is provided a synchronous induction mo- 
tor having a stator equipped with a stator winding, a rotor 
rotating in the stator, a plurality of secondary conductors 
which is positioned around a rotor yoke constituting the 
rotor and which is formed by die casting, end rings which 



are positioned on the peripheral portions of both end 
surfaces of the rotor yoke and which are integrally 
formed with the secondary conductors by die casting, 
permanent magnets inserted in slots formed such that 
5 they penetrate the rotor yoke, and a pair of end surface 
members formed of a non-magnetic material that closes 
the openings of both ends of the slots, wherein at least 
one of the end surface members and a balancer are 
formed into one piece. Hence, the number of compo- 
se nents can be reduced. This permits simpler installation 
of the end surface members, resulting in dramatically 
improved productivity. 

[0016] According to another aspect of the present in- 
vention, there is provided a synchronous induction mo- 

*s tor having a stator equipped with a stator winding, a rotor 
rotating in the stator, a plurality of secondary conductors 
which is positioned around a rotor yoke constituting the 
rotor and which Is formed by die casting, end rings which 
are positioned on the peripheral portions of both end 

20 surfaces of the rotor yoke and which are integrally 
formed with the secondary conductors by die casting, 
permanent magnets inserted in slots formed such that 
they penetrate the rotor yoke, a pair of end surface 
members formed of a non-magnetic material that closes 

25 the openings of both ends of the slots, and a balancer 
secured by being press-fitted to the inner side of at least 
one of the end rings. Hence, the installation of the bal- 
ancer can be simplified. This arrangement makes it pos- 
sible to significantly improve the productivity of the syn- 

30 chronous induction motor. 

[0017] According to another aspect of the present in- 
vention, there is provided a synchronous induction mo- 
tor having a stator equipped with a stator winding, a rotor 
rotating in the stator, a plurality of secondary conductors 

35 which is positioned around a rotor yoke constituting the 
rotor and which is formed by die casting, end rings which 
are positioned on the peripheral portions of both end 
surfaces of the rotor yoke and which are integrally 
formed with the secondary conductors by die casting, 

40 permanent magnets inserted in slots formed such that 
they penetrate the rotor yoke, and a pair of end surface 
members formed of a no n -magnetic material that closes 
the openings of both ends of the slots in which the per- 
manent magnets have been inserted, wherein the two 

45 end surface members are secured to the rotor yoke by 
the two end rings when the secondary conductors and 
the end rings are formed. This arrangement makes it 
possible to obviate the need of, for example, the cum- 
bersome step for inserting the permanent magnets into 

50 the slots, then attaching the end surface members to 
both ends of the rotor yoke after die-casting the end 
rings, as in the case of a prior art. Thus, the productivity 
of the rotor can be dramatically improved. 
[0018] According to a further aspect of the present in- 

55 vention, there is provided a synchronous induction mo- 
tor having a stator equipped with a stator winding, a rotor 
which is secured to a rotating shaft and which rotates in 
the stator, a secondary conductor provided around the 
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rotor yoke constituting the rotor, and a permanent mag- 
net embedded in the rotor yoke, wherein a magnetic 
field produced by the permanent magnet does not pass 
through the rotating shaft. Thus, it is possible to prevent 
the rotating shaft from being magnetized. This arrange- 
ment makes it possible to prevent iron powder or the like 
from adhering to the rotating shaft and to protect the ro- 
tating shaft and a bearing from being worn due to the 
friction attributable to the magnetic force of the perma- 
nent magnet. This permits secure prevention of damage 
to the motor caused by the friction. 
[0019] According to a further aspect of the present in- 
vention, there is provided a synchronous induction mo- 
tor having a stator equipped with a stator winding, a rotor 
which is secured to a rotating shaft and which rotates in 
the stator, a secondary conductor provided around the 
rotor yoke constituting the rotor, and a permanent mag- 
net embedded in the rotor yoke, wherein a magnetic 
field produced by the permanent magnet bypasses the 
rotating shaft. Thus, it is possible to prevent the rotating 
shaft from being magnetized. This arrangement makes 
it possible to prevent iron powder or the like from adher- 
ing to the rotating shaft and to protect the rotating shaft 
and a bearing from being worn due to the friction attrib- 
utable to the magnetic force of the permanent magnet. 
This permits secure prevention of damage to the motor 
caused by the friction. 

[0020] According to another aspect of the present in- 
vention, there is provided a synchronous induction mo- 
tor having a stator equipped with a stator winding, a rotor 
which is secured to a rotating shaft and which rotates in 
the stator, a secondary conductor provided around the 
rotor yoke constituting the rotor, and a permanent mag- 
net embedded in the rotor yoke, wherein a magnetic 
field produced by the permanent magnet passes 
through only the rotor yoke, excluding the rotating shaft. 
Thus, it is possible to prevent the rotating shaft from be- 
ing magnetized. This arrangement makes it possible to 
prevent iron powder or the like from adhering to the ro- 
tating shaft and to protect the rotating shaft and a bear- 
ing from being worn due to the friction attributable to the 
magnetic force of the permanent magnet. This permits 
secure prevention of damage to the motor caused by 
the friction. 

[0021 ] In a preferred form of the synchronous induc- 
tion motor in accordance with the present invention, a 
void is formed in the rotor yoke between the permanent 
magnet and the rotating shaft, so that the passage of 
the magnetic field produced by the permanent magnet 
can be reduced. Thus, it is possible to prevent the rotat- 
ing shaft from being magnetized. This arrangement 
makes it possible to prevent iron powder or the like from 
adhering to the rotating shaft and to protect the rotating 
shaft and a bearing from being worn due to the friction 
attributable to the magnetic force of the permanent mag- 
net. This permits secure prevention of damage to the 
motor caused by the friction. 

[0022] In another preferred form of the synchronous 



induction motor in accordance with the present inven- 
tion, a pair of the permanent magnets is disposed with 
the rotating shaft therebetween, and permanent mag- 
nets for attracting the magnetic field produced by the 

5 paired permanent magnets are disposed at both ends 
of a line that passes the paired permanent magnets and 
the rotating shaft. It is therefore possible to prevent the 
magnetic field produced by the paired permanent mag- 
nets from passing through the rotating shaft. Thus, it is 

10 possible to prevent the rotating shaft from being mag- 
netized. This arrangement makes it possible to prevent 
iron powder or the like from adhering to the rotating shaft 
and to protect the rotating shaft and a bearingf rom being 
worn due to the friction attributable to the magnetic force 

15 of the permanent magnet. This permits secure preven- 
tion of damage to the motor caused by the friction. 
[0023] In yet another preferred form of the synchro- 
nous induction motor in accordance with the present in- 
vention, the permanent magnets are provided at both 

20 ends of a line that connects two magnetic poles, and the 
permanent magnets are radially disposed substantially 
about the rotating shaft. Hence, the magnetic field pro- 
duced by the permanent magnets can be spaced away 
from the rotating shaft. Thus, it is possible to prevent the 

25 rotating shaft from being magnetized. This arrangement 
makes it possible to prevent iron powder or the like from 
adhering to the rotating shaft and to protect the rotating 
shaft and a bearing from being worn due to the friction 
attributable to the magnetic force of the permanent mag- 

30 net. This permits secure prevention of wear on the rotor 
caused by the friction. 

[0024] According to another aspect of the present in- 
vention, there is provided a synchronous induction mo- 
tor having a stator equipped with a stator winding, a rotor 
35 rotating in the stator, a secondary conductor provided 
around the rotor yoke constituting the rotor, and a per- 
manent magnet embedded in the rotor yoke, wherein 
the permanent magnet is magnetized by current passed 
through the stator winding. Hence, for example, a rotor 
40 in which a magnetic material forthe permanent magnet 
that has not yet been magnetized has been inserted is 
installed in the stator, so that the rotor can be inserted 
into the stator without being magnetically attracted to its 
surrounding. This arrangement makes it possible to pre- 
45 vent inconvenience of lower productivity of the synchro- 
nous induction motor, thus permitting improved assem- 
blability of the synchronous induction motor. This allows 
asynchronous induction motor with high reliability to be 
provided. 

so [0025] In a preferred form of the synchronous induc- 
tion motor in accordance with the present invention, the 
permanent magnet is made of a rare earth type magnet 
or a ferrite magnet, so that high magnet characteristic 
can be achieved. With this arrangement, the magnitude 

55 of the current passed through the stator winding can be 
reduced so as to control the temperature at the time of 
magnetization to a minimum. Hence, the deformation of 
the rotor or the stator or the like that would be caused 
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by high temperature can be minimized, making it possi- 
ble to provide a synchronous induction motor with se- 
cured high quality. 

[0026] Especially in the case of a synchronous induc- 
tion motor, current passes through the secondary con- 
ductor even during normal synchronous operation, 
causing the temperature of the entire rotor to rise. 
Therefore, the demagnetization at high temperature can 
be restrained by using, for example, a ferrite magnet or 
a rare earth type magnet (the coercive force at norma! 
temperature being 1350 to 2150 kA/m and the coercive 
force temperature coefficient being -0.7%/°C or less). 
[0027] In a preferred form of the synchronous induc- 
tion motor in accordance with the present invention, the 
stator winding is of a single-phase configuration and has 
a primary winding and an auxiliary winding, and the per- 
manent magnet is magnetized by the current passed 
through either the primary winding or the auxiliary wind- 
ing. Hence, it is possible to achieve better magnetizing 
performance than, for example, in the case where cur- 
rent is passed through both the primary winding and the 
auxiliary winding at the same time. This allows an un- 
magnetized magnet material to be intensely magnet- 
ized. 

[0028] In a preferred form of the synchronous induc- 
tion motor in accordance with the present invention, the 
stator winding is of a three-phase configuration that in- 
cludes a three-phase winding. The permanent magnet 
is magnetized by current passed through a single 
phase, two phases, or three phases of the stator wind- 
ings. Therefore, it is possible to select the phase or 
phases through which current is to be passed according 
to the disposition of the magnet or the permissible cur- 
rent (against deformation or the like) of the windings. 
[0029] In yet another preferred form of the synchro- 
nous induction motor in accordance with the present in- 
vention, the stator windings are coated with varnish or 
a sticking agent that is heated to fuse the windings. 
Hence, for example, even if the stator windings generate 
heat and become hot when an unmagnetized magnet 
material inserted into the rotor is magnetized by passing 
current through the stator windings, it is possible to re- 
strain the deformation of winding ends of the stator wind- 
ings and the deterioration of winding films caused by the 
heat. Thus, since the winding ends of the stator windings 
do not deform even if an unmagnetized magnet material 
inserted into the rotor is magnetized, a highly reliable 
synchronous induction motor can be provided. 
[0030] Furthermore, the synchronous induction motor 
in accordance with the present invention is installed in 
a compressor, allowing the production cost of the com- 
pressor to be considerably reduced. 
[0031] Moreover, the compressor incorporating the 
synchronous induction motor in accordance with the 
present invention is used with an air conditioner or an 
electric refrigerator or the like. Hence, the production 
cost of the air conditioner or the electric refrigerator can 
be significantly decreased. 



[0032] According to another aspect of the present in- 
vention, there is provided a manufacturing method for a 
synchronous induction motor having a stator equipped 
with a stator winding, a rotor rotating in the stator, a sec- 
5 ondary conductor provided around a rotor yoke consti- 
tuting the rotor, and a permanent magnet embedded in 
the rotor yoke, wherein a magnet constituent for the per- 
manent magnet is embedded in the rotor yoke and cur- 
rent is passed through the stator winding to magnetize 
the magnet constituent. Hence, the rotor can be inserted 
into the stator without being magnetically attracted to its 
surrounding, permitting dramatically improved assem- 
blability of the synchronous induction motor. This makes 
it possible to prevent an inconvenience of reduced pro- 
ductivity of the synchronous induction motor, which per- 
mits improved assemblability of the synchronous induc- 
tion motor. As a result, a highly reliable synchronous in- 
duction motor can be provided. 

[0033] In a preferred form of the manufacturing meth- 
od for the synchronous induction motor in accordance 
with the present invention, a rare earth type or ferrite 
material is used for the magnet constituent. Therefore, 
a high magnet characteristic can be achieved even if, 
for example, a magnetizing magnetic field is weak. This 
makes it possible to reduce the current passing through 
the stator winding so as to minimize a temperature rise 
that occurs at the time of magnetization. Thus, the de- 
formation of the rotor or the stator or the like caused by 
high temperature can be minimized, ensuring high qual- 
ity of the synchronous induction motor. 
[0034] In a preferred form of the manufacturing meth- 
od for the synchronous induction motor in accordance 
with the present invention, the stator winding is of a sin- 
gle-phase configuration and has a primary winding and 
an auxiliary winding, and the magnet constituent is mag- 
netized by the current passed through either the primary 
winding or the auxiliary winding. Hence, it is possible to 
achieve better magnetizing performance than, for ex- 
ample, in the case where current is passed through both 
the primary winding and the auxiliary winding at the 
same time. This allows an unmagnetized magnet mate- 
rial to be intensely magnetized. 

[0035] In a preferred form of the manufacturing meth- 
od for the synchronous induction motor in accordance 
with the present invention, the stator winding is of a 
three-phase configuration that includes a three-phase 
winding. The magnet constituent is magnetized by cur- 
rent passed through a single phase, two phases, or 
three phases of the stator windings. Therefore, it is pos- 
sible to select the phase or phases through which cur- 
rent is to be passed according to the disposition of the 
magnet or the permissible current (against deformation 
or the like) of the windings. 

[0036] In yet another preferred form of the manufac- 
turing method for the synchronous induction motor in ac- 
cordance with the present invention, the stator windings 
are coated with varnish or a sticking agent that is heated 
to fuse the windings. Hence, for example, even if the 
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stator windings are subjected to electromagnetic forces 
when an unmagnetized magnet constituent inserted into 
the rotor is magnetized by passing current through the 
stator windings, it is possible to restrain the deformation 
of windings and the deterioration of the films of the wind- 
ings. Thus, since the winding ends of the stator windings 
do not deform even if an unmagnetized magnet material 
inserted into the rotor is magnetized, a highly reliable 
synchronous induction motor can be provided. 
[0037] According to yet another aspect of the present 
invention, there is provided a drive unit for a synchro- 
nous induction motor that includes a stator equipped 
with a stator winding formed of a primary winding and 
an auxiliary winding, a rotor rotating in the stator, a sec- 
ondary conductor provided around a rotor yoke consti- 
tuting the rotor, a permanent magnet embedded in the 
rotor yoke, an operating capacitor connected to the aux- 
iliary winding, and a series circuit of a start-up capacitor 
and a PTC, which is connected in parallel to the oper- 
ating capacitor. This arrangement permits larger run- 
ning torque to be provided at starting up the synchro- 
nous induction motor equipped with the operating ca- 
pacitor connected to the auxiliary winding, and the se- 
ries circuit of the start-up capacitor and the PTC, which 
is connected in parallel to the operating capacitor. This 
enables the power consumed during normal operation 
to be reduced, making it possible to provide a drive unit 
capable of running the synchronous induction motor 
with extremely high efficiency. Hence, considerably 
higher efficiency can be achieved during the operation 
of the synchronous induction motor. 
[0038] According to still another aspect of the present 
invention, there is provided a drive unit for a synchro- 
nous induction motor that includes a stator equipped 
with a stator winding formed of a primary winding and 
an auxiliary winding, a rotor rotating in the stator, a sec- 
ondary conductor provided around a rotor yoke consti- 
tuting the rotor, a permanent magnet embedded in the 
rotor yoke, an operating capacitor connected to the aux- 
iliary winding, and a PTC connected in parallel to the 
operating capacitor. This arrangement permits larger 
running torque to be provided at starting up the synchro- 
nous induction motor equipped with the operating ca- 
pacitor connected to the auxiliary winding and the PTC 
connected in parallel to the operating capacitor. This en- 
ables the power consumed during normal operation to 
be reduced, making it possible to provide a drive unit 
capable of running the synchronous induction motor 
with extremely high efficiency. Hence, considerably 
higher efficiency can be achieved during the operation 
of the synchronous induction motor. 
[0039] According to yet another aspect of the present 
invention, there is provided a drive unit for a synchro- 
nous induction motor that includes a stator equipped 
with a stator winding formed of a primary winding and 
an auxiliary winding, a rotor rotating in the stator, a sec- 
ondary conductor provided around a rotor yoke consti- 
tuting the rotor, a permanent magnet embedded in the 



rotor yoke, an operating capacitor connected to the aux- 
iliary winding, and a series circuit of a start-up capacitor 
and a start-up relay contact connected in parallel to the 
operating capacitor. This arrangement permits larger 

5 ru nning torque to be provided at starting up the synchro- 
nous induction motor equipped with the operating ca- 
pacitor connected to the auxiliary winding, and the se- 
ries circuit of the start-up capacitor and the start-up relay 
contact connected in parallel to the operating capacitor. 

10 This enables the power consumed during normal oper- 
ation to be reduced, making it possibleio provide a drive 
unit capable of running the synchronous induction motor 
with extremely high efficiency Hence, considerably 
higher efficiency can be achieved during the operation 

'5 of the synchronous induction motor. 

[0040] According to a further aspect of the present in- 
vention, there is provided a drive unit for a synchronous 
induction motor that includes a stator equipped with a 
stator winding formed of a primary winding and an aux- 

20 iiiary winding, a rotor rotating in the stator, a secondary 
conductor provided around a rotor yoke constituting the 
rotor, a permanent magnet embedded in the rotor yoke, 
and an operating capacitor connected to the auxiliary 
winding. This arrangement permits larger running 

25 torque to be provided at starting up the synchronous in- 
duction motor equipped with the operating capacitor 
connected to the auxiliary winding. This enables the 
power consumed during normal operation to be re- 
duced, making it possible to provide a drive unit capable 

30 of running the synchronous induction motor with ex- 
tremely high efficiency. Hence, considerably higher ef- 
ficiency can be achieved during the operation of the syn- 
chronous induction motor. 

[0041 ] According to a further aspect of the present in- 

35 vention, there is provided a hermetic electric compres- 
sor having a compression unit and an electric unit for 
driving the compression unit in a hermetic vessel, 
wherein the electric unit is secured to the hermetic ves- 
sel and constituted by a stator equipped with a stator 

40 winding and a rotor rotating in the stator, the rotor has 
a secondary conductor provided around a rotor yoke 
and a permanent magnet embedded in the rotor yoke, 
and a thermal protector for cutting off the supply of cur- 
rent to the electric unit in response to a predetermined 

45 temperature rise is provided in the hermetic vessel. 
Therefore, installing the thermal protector onto the sta- 
tor winding, for example, makes it possible to cut off the 
supply of current to the electric unit if the temperature 
of the stator winding rises. This arrangement makes it 

so possible to prevent the permanent magnet embedded 
in the rotor yoke from being thermally demagnetized by 
a rise in temperature of the electric unit. Hence, the sup- 
ply of current to the stator winding can be cut off before 
the stator winding generates abnormal heat while the 

55 hermetic electric compressor is in operation. This 
makes it possible to securely prevent damage to the sta- 
tor winding and thermal demagnetization of the perma- 
nent magnet so as to ideally maintain the driving force 



6 




11 EP1 246 348 A2 



of a synchronous induction motor, permitting significant- 
ly improved reliability of the electric unit. 
[0042] According to a further aspect of the present in- 
vention, there is provided a hermetic electric compres- 
sor having a compression unit and an electric unit for 
driving the compression unit in a hermetic vessel, 
wherein the electric unit is secured to the hermetic ves- 
sel and constituted by a stator equipped with a stator 
winding and a rotor rotating in the stator, the rotor has 
a secondary conductor provided around a rotor yoke 
and a permanent magnet embedded in the rotor yoke, 
and a thermal protector for cutting off the supply of cur- 
rent to the electric unit at a predetermined temperature 
rise is provided on the outer surface of the hermetic ves- 
sel. Therefore, it is possible to cut off the supply of cur- 
rent to the electric unit if the temperature of the outer 
surface of the hermetic vessel rises due to the heat gen- 
erated by the electric unit. Thus, a temperature rise in 
the hermetic vessel can be restrained, so that an acci- 
dent, such as a fire, caused by a temperature rise in the 
hermetic vessel can be prevented. 
[0043] In a preferred form of the hermetic electric 
compressor in accordance with the present invention, 
the thermal protector is constructed of a thermistor 
whose resistance value varies with temperature and a 
controller that controls the supply of current to the elec- 
tric unit according to a change in the resistance value of 
the thermistor. Thus, if, for example, the temperature of 
the hermetic electric compressor rises and exceeds a 
preset levei, the controller controls the supply of current 
to the electric unit and cuts off the supply of current to 
the electric unit. With this arrangement, it is possible to 
control the current supplied to the stator winding before 
the hermetic electric compressor is run under overload 
and damaged. This means that a temperature rise in the 
electric unit can be securely controlled by controlling the 
revolution of the electric unit, enabling the service life of 
the electric unit to be prolonged, with resultant dramat- 
ically improved reliability of the hermetic electric com- 
pressor. 

[0044] In a preferred form of the hermetic electric 
compressor in accordance with the present invention, 
the thermal protector is constituted by a bimetal switch, 
so that the current supplied to the electric unit can be 
cut off also If the temperature of the hermetic electric 
compressor rises. This obviates the need for controlla- 
bly adjust the electric unit by using an expensive circuit 
device, making it possible to effect inexpensive and se- 
cure protection of the hermetic electric compressor from 
damage caused by a temperature rise. 
[0045] In a preferred form of the hermetic electric 
compressor in accordance with the present invention, 
the thermal protector is constituted by a thermostat that 
opens/closes a contact according to temperature, so 
that the current supplied to the electric unit can be cut 
off also if the temperature of the hermetic electric com- 
pressor rises. This obviates the need for control lably ad- 
justing the electric unit by using an expensive circuit de- 



2 

vice, making it possible to effect inexpensive and secure 
protection of the hermetic electric compressor from 
damage caused by a temperature rise. 
[0046] According to a further aspect of the present in- 

5 vention, there is provided a hermetic electric compres- 
sor having a compression unit and an electric unit for 
driving the compression unit in a hermetic vessel, 
wherein the electric unit is secured to the hermetic ves- 
sel and constituted by a stator equipped with a stator 

10 winding and a rotor rotating in the stator, the rotor has 
a secondary conductor provided around a rotor yoke 
and a permanent magnet embedded in the rotor yoke, 
and an overload protector for cutting off the supply of 
current to the electric unit in response to a predeter- 

15 mined overload current is provided. Therefore, it is pos- 
sible to cut off the supply of current to the electric unit if 
the hermetic electric compressor is overloaded during 
operation, thereby allowing the electric unit to be pro- 
tected from a temperature rise. Thus, damage to the 

20 electric unit can be prevented, enabling the service life 
of the electric unit to be considerably prolonged, with 
resultant dramatically improved reliability of the hermet- 
ic electric compressor. 

[0047] In a preferred form of the hermetic electric 

25 compressor in accordance with the present invention, 
the overload protector is constituted by an overload 
switch, so that the current supplied to the electric unit 
can be cut off to prevent a temperature rise in the electric 
unit thereby to protect it if the hermetic electric compres- 

30 sor is overloaded during operation. Thus, damage to the 
electric unit can be prevented, enabling the service life 
of the electric unit to be considerably prolonged, with 
resultant dramatically improved reliability of the hermet- 
ic electric compressor. 

35 [0048] In another preferred form of the hermetic elec- 
tric compressor in accordance with the present inven- 
tion, the overload protector is constituted by a current 
transformer for detecting the current supplied to the 
electric unit and a controller for controlling the supply of 

^0 current to the electric unit on the basis of an output of 
the current transformer, so that the current supplied to 
the electric unit can be cut off by the controller if the her- 
metic electric compressor is overloaded during opera- 
tion. This arrangement makes it possible to prevent a 

45 temperature rise in the electric unit so as to protect the 
electric unit. Hence, damage to the electric unit attribut- 
able to an overload current can be securely prevented. 
[0049] In another preferred form of the hermetic elec- 
tric compressor in accordance with the present inven- 

50 tion, the controller cuts off the supply of current to the 
electric unit after a predetermined time elapses since a 
temperature or current exceeded a predetermined val- 
ue. It is therefore possible to protect, by the controller, 
the electric unit which would be damaged if continuously 

55 subjected to an excessive temperature rise or overcur- 
rent caused by an overloaded operation or the like of 
the hermetic electric compressor. Thus, damage to the 
electric unit can be prevented, enabling the service life 
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of the electric unit to be considerably prolonged with 
resultant dramatically improved reliability of the hermet- 
ic electric compressor. 

[0050] In a further preferred form of the hermetic elec- 
tric compressor in accordance with the present inven- s 
tion, the controller restarts the supply of current to the 
electric unit after waiting for the elapse of a predeter- 
mined delay time since the supply of current to the elec- 
tric unit was cut off. This means that the delay time is 
always allowed before the supply of current to the elec- 10 
trie unit is restarted afterthe supply of current to the elec- 
tric unit was cut off. It is therefore possible to prevent 
the rotor from becoming hot due to, for example, fre- 
quent repetition of energizing and de-energizing of the 
electric unit. Hence, demagnetization of the permanent is 
magnet embedded in the rotor due to heat can be pre- 
vented. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0051] 



20 



Fig. 1 is a longitudinal sectional side view of a her- 
metic electric compressor to which a synchronous 
induction motor in accordance with the present in- 25 
vention has been applied; 

Fig. 2 is a plan view of the hermetic electric com- 
pressor with its hermetic vessel split into two; 
Fig. 3 is a cross sectional top view of the motor; 
Fig. 4 is a partially cutaway cross sectional top view 30 
of a rotor; 

Fig. 5 is a side view of the rotor; 
Fig. 6 is a top view of the rotor; 
Fig. 7 is a longitudinal side view of the rotor shown 
in Fig. 6; 55 
Fig. 8 is a refrigerant circuit diagram of an air con- 
ditioner or an electric refrigerator or the like that us- 
es the hermetic electric compressor provided with 
the synchronous induction motor in accordance 
with the present invention; 40 
Fig. 9 is an electric circuit diagram of the synchro- 
nous induction motor; 
Fig. 1 0 is a top view of another rotor; 
Fig. 11 is a partially longitudinal sectional side view 
of the rotor shown in Fig. 10; 
Fig. 1 2 is a top view of another rotor; 
Fig. 13 is a longitudinal sectional side view of the 
rotor shown in Fig. 12; 

Fig. 14 is a top view of a rotor illustrating an end 
surface member that is provided inside an end ring so 
and fixed by a balancer; 

Fig. 1 5 is a diagram showing a part of the longitu- 
dinal sectional side view of the rotor shown in Fig. 
12; 

Fig. 1 6 is a diagram showing a part of the longitu- 55 
dinal sectional side view of a rotor incorporating a 
balancer formed of a plurality of laminated sheet 
balancers; 



45 



Fig. 1 7 is a top view of a rotor in which an end sur- 
face member and a balancer have been integrally 
formed and installed; 

Fig. 18 is a diagram showing a part of the longitu- 
dinal sectional side view of the rotor shown in Fig. 
17; 

Fig. 19 is a top view of another rotor; 
Fig. 20 is a partial longitudinal sectional side view 
of the rotor shown in Fig. 1 9; 
Fig. 21 is a top view of a rotor in which an end sur- 
face member is integrally formed with a balancer 
and fixed to a rotor yoke; 

Fig. 22 is a partial longitudinal sectional side view 
of the rotor shown in Fig. 21 ; 
Fig. 23 is a cross sectional top view of another rotor; 
Fig. 24 is an analytical diagram of a magnetic field 
of a rotor in the layout of the permanent magnet 
shown in Fig. 4; 

Fig. 25 illustrates a magnetic flux density in a rotat- 
ing shaft of the rotor shown in Fig. 24; 
Fig. 26 is an analytical diagram of a magnetic field 
of a rotor observed when a void is formed in the rotor 
yoke in the layout of the permanent magnet shown 
in Fig. 4; 

Fig. 27 is a diagram illustrating a magnetic flux den- 
sity in the rotating shaft of the rotor shown in Fig. 26; 
Fig. 28 is an analytical diagram of the magnetic field 
of the rotor observed when a plurality of voids is 
formed in the rotor yoke in the layout of the perma- 
nent magnet shown in Fig. 4; 
Fig. 29 is a diagram illustrating a magnetic flux den- 
sity in the rotating shaft of the rotor shown in Fig. 28; 
Fig. 30 is an analytical diagram of the magnetic field 
of a rotor configured such that a magnetic field pro- 
duced by a permanent magnet bypasses a rotating 
shaft; 

Fig. 31 is a diagram illustrating a magnetic flux den- 
sity in the rotating shaft of the rotor shown in Fig. 28; 
Fig. 32 is a cross sectional top view of a rotor illus- 
trating another layout example of a permanent mag- 
net; 

Fig. 33 is a cross sectional top view of a rotor illus- 
trating yet another layout example of a permanent 
magnet; 

Fig. 34 is a cross sectional top view of a rotor illus- 
trating still another layout example of a permanent 
magnet; 

Fig. 35 is a cross sectional top view of a rotor illus- 
trating a further layout example of a permanent 
magnet; 

Fig. 36 is a cross sectional top view of a rotor illus- 
trating another layout example of a permanent mag- 
net; 

Fig. 37 is a cross sectional top view of a rotor illus- 
trating another layout example of a permanent mag- 
net; 

Fig. 38 is a partially cutaway cross sectional top 
view of another rotor; 
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Fig. 39 is a partial longitudinal sectional side view 
of the rotor shown in Fig. 38; 
Fig. 40 is a cross sectional top view of the rotor 
shown in Fig. 38; 

Fig. 41 is a cross sectional top view of another rotor; 
Fig. 42 is a cross sectional top view of yet another 
rotor; 

Fig. 43 is a cross sectional top view of still another 
rotor; 

Fig. 44 is a cross sectional top view of a further rotor; 
Fig. 45 is a cross sectional top view of another rotor; 
Fig. 46 is an electrical circuit diagram of a three- 
phase, two-pole synchronous induction motor; 
Fig. 47 is an electrical circuit diagram of a drive unit 
of the synchronous induction motor in accordance 
with the present invention; 

Fig. 48 is an electrical circuit diagram of a drive unit 
of another synchronous induction motor; 
Fig. 49 is an electrical circuit diagram of a drive unit 
of still another synchronous induction motor; 
Fig. 50 is an electrical circuit diagram of a drive unit 
of yet another synchronous induction motor; 
Fig. 51 is a diagram illustrating a relationship be- 
tween a rotational torque and a number of revolu- 
tions provided by each electric circuit of each drive 
unit; 

Fig. 52 is another refrigerant circuit diagram of an 
air conditioner or an electric refrigerator or the like 
that uses the hermetic electric compressor incorpo- 
rating a synchronous induction motor; 
Fig. 53 is a longitudinal sectional side view of a part 
(in the vicinity of an end cap) of the hermetic electric 
compressor in accordance with the present inven- 
tion; 

Fig. 54 is an electrical circuit diagram of a synchro- 
nous induction motor; 

Fig. 55 is a longitudinal sectional side view of a part 
(in the vicinity of an end cap) of another hermetic 
electric compressor; 

Fig. 56 is an electrical circuit diagram of a synchro- 
nous induction motor of the hermetic electric com- 
pressor shown in Fig. 55; 

Fig. 57 is a longitudinal sectional side view of a part 
(in the vicinity of an end cap) of another hermetic 
electric compressor; 

Fig. 58 is a longitudinal sectional side view of a part 
(in the vicinity of an end cap) of still another hermetic 
electric compressor; 

Fig. 59 is an electrical circuit diagram of a synchro- 
nous induction motor of the hermetic electric com- 
pressor shown in Fig. 58; 

Fig. 60 is a longitudinal sectional side view of a part 
(in the vicinity of an end cap) of yet another hermetic 
electric compressor; 

Fig. 61 is an electrical circuit diagram of a synchro- 
nous induction motor of the hermetic electric com- 
pressor shown in Fig. 60; 

Fig. 62 is a longitudinal sectional side view of a part 
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(in the vicinity of an end cap) of a further hermetic 
electric compressor; 

Fig. 63 is an electrical circuit diagram of a synchro- 
nous induction motor of the hermetic electric com- 
pressor shown in Fig. 62; 

Fig. 64 is a longitudinal sectional side view of a part 
(in the vicinity of an end cap) of another hermetic 
electric compressor; 

Fig. 65 is an electrical circuit diagram of a synchro- 
nous induction motor of the hermetic electric com- 
pressor shown in Fig. 64; and 
Fig. 66 is an electrical circuit diagram of a synchro- 
nous induction motor of another hermetic electric 
compressor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0052] Embodiments of the present invention will be 
20 described in detail with reference to the accompanying 
drawings. Fig. 1 is a longitudinal sectional side diagram 
of a hermetic electric compressor C, an embodiment to 
which the present invention is applied. A hermetic ves- 
sel 1 in Fig. 1 includes a synchronous induction motor 
25 2 in accordance with the present invention in an upper 
compartment and a compressor 3 in a lower compart- 
ment in the hermetic vessel 1 , the compressor 3 being 
rotatively driven by the synchronous induction motor 2. 
The hermetic vessel 1 is split into two parts in advance 
30 to house the synchronous induction motor 2 and the 
compressor 3, then hermetically sealed by high-fre- 
quency welding or the like. The hermetic electric com- 
pressor C may be a rotary, reciprocal, scroll compressor, 
or the like. 

35 [0053] The synchronous induction motor 2 is con- 
structed of a single-phase, two-pole stator 4 secured to 
the inner wall of the hermetic vessel 1 and a rotor 5 
which is located on the inner side of the stator 4 and 
rotatively supported around a rotating shaft 6. The stator 

40 4 is provided with a stator winding 7 for applying a rota- 
tional magnetic field to the rotor 5. 
[0054] The compressor 3 has a first rotary cylinder 9 
and a second rotary cylinder 10 separated by a parti- 
tioner 8. The cylinders 9 and 10 have eccentric mem- 

45 bers 1 1 and 1 2 rotatively driven by the rotating shaft 6. 
The eccentric positions of the eccentric members 11 and 
12 are phase-shifted from each other 180 degrees. 
[0055] A first roller 1 3 located in the cylinder 9 and a 
second roller 14 located in the cylinder 10 rotate in the 

50 cylinders as the eccentric members 11 and 12 rotate. 
Reference numerals 15 and 16 denote a first frame 
member and a second frame member, respectively. The 
first frame member 15 forms a closed compression 
space of the cylinder 9 between itself and the partitioner 

55 8. Similarly, the second frame member 16 forms a 
closed compression space of the cylinder 10 between 
itself and the partitioner 8. The first frame member 15 
and the second frame member 16 are equipped with 
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bearings 1 7 and 1 8, respectively, that rotatively support 
the bottom of the rotating shaft 6. 
[0056] Discharge mufflers 19 and 20 are installed so 
as to cover the first frame member 1 5 and the second 
frame member 16. The cylinder 9 and the discharge 
muffler 19 are in communication through a discharge 
aperture (not shown) provided in the first frame member 
15. Similarly, the cylinder 10 and the discharge muffler 
20 are also in communication through a discharge ap- 
erture (not shown) provided in the second frame mem- 
ber 16. A bypass pipe 21 provided outside the hermetic 
vessel 1 , and is in communication with the interior of the 
discharge muffler 20. 

[0057] A discharge pipe 22 is provided at the top of 
the hermetic vessel 1 . Suction pipes 23 and 24 are con- 
nected to the cylinders 9 and 1 0, respectively. A hermet- 
ic terminal 25 supplies electric power to the stator wind- 
ing 7 of the stator 4 from outside the hermetic vessel 1 
(the lead wire connecting the hermetic terminal 25 and 
the stator winding 7 being not shown). 
[0058] A rotor iron core 26 is formed of a plurality of 
laminated rotator iron plates, each of which is made by 
punching an electromagnetic steel plate having a thick- 
ness of 0.3 mm to 0.7 mm (not shown) into a predeter- 
mined shape. The laminated rotator iron plates are 
crimped into one piece, or may be welded into one 
piece. End surface members 66 and 67 are attached to 
the top and bottom ends of the rotor iron core 26. The 
end surface members 66 and 67 are formed of planes 
made of a non-magnetic material, such as stainless 
steel aluminum, copper, or brass. If the end surface 
members 66 and 67 should use a magnetic material, 
then the end surface members 66 and 67 would provide 
a magnetic path, and the magnet of the rotor 5 would 
develop a magnetic short circuit, leading to degraded 
running performance of the synchronous induction mo- 
tor 2. For this reason, a non-magnetic material is used 
for the members 66 and 67. 

[0059] Fig. 2 is a plan view of the hermetic electric 
compressor C having the hermetic vessel 1 split into two 
parts. Fig. 3 is a cross sectional top view of the hermetic 
electric compressor C, Fig. 4 is a cross sectional top 
view of the rotor 5, and Fig. 5 is a side view of the rotor 
5. The stator 4 has the stator winding 7 wound around 
the stator 4. A leader line 50 connected to the stator 
winding 7 and a coil end of the stator winding 7 are joined 
together with a polyester thread 70, and the leader line 
50 is connected to the hermetic terminal 25. 
[0060] The rotor 5 is constructed of a rotor yoke 5A, 
die-cast squirrel-cage secondary conductors 5B posi- 
tioned around the rotor yoke 5A, a die-cast end ring 69 
which is positioned on the peripheral portion of an end 
surface of the rotor yoke 5A, which annularly protrudes 
by a predetermined dimension, and which is integrally 
die-cast with the squirrel-cage secondary conductors 
5B, and permanent magnets 31 embedded in the rotor 
yoke 5A. The permanent magnets 31 are magnetized 
after permanent magnet materials are inserted in slots 



44, which will be discussed hereinafter. The permanent 
magnets 31 (31 SA and 31 SB) embedded in one side (e. 
g. ; the right side in the drawing) from the rotating shaft 
6 are polarized with the same south pole, while the per- 
5 manent magnets 31 (31 NA and 31 NB) embedded in the 
other side (e.g., the left side in the drawing) are polar- 
ized with the same north pole. 

[0061] The plurality of squirrel-cage secondary con- 
ductors 5B are provided on the peripheral portion of the 
10 rotor yoke 5A and have aluminum diecast members in- 
jection-molded in cylindrical holes (not shown) formed 
in the cage in the direction in which the rotating shaft 6 
extends. The squirrel-cage secondary conductors 5B 
are formed in a so-called skew pattern in which they are 
15 spirally inclined at a predetermined angle in the circum- 
ferential direction of the rotating shaft 6 from one end 
toward the other end, as shown in Fig. 5. 
[0062] The rotor yoke 5A has a plurality of slots 44 
(four in this embodiment) vertically formed with both 
20 ends open. The openings at both ends of the slots 44 
are closed by a pair of the end surface members 66 and 
67, respectively, as shown in Figs. 6 and 7. When the 
squirrel-cage secondary conductors 5B and the end 
rings 68 and 69 are die-cast, the end surface member 
25 67 is fixed to the rotor yoke 5A by the end ring 69. The 
end surface member 66 is secured to the rotor yoke 5A 
by a plurality of rivets 66A functioning as fixtures. 
[0063] In this case, after the permanent magnets 31 
are inserted through the openings of the slots 44, the 
30 openings are closed by the end surface member 66, and 
the end surface member 66 is fixed by riveting into en- 
gaging holes 5C provided in the rotor yoke 5A. This se- 
cures the permanent magnets 31 into the slots 44. The 
permanent magnets 31 are made of a rare earth type 
35 permanent magnet material of, for example, a praseo- 
dymium type permanent magnet or a neodymium type 
permanent magnet with nickel plating or the like provid- 
ed on the surface thereof so as to produce high mag- 
netic forces. The permanent magnets 31 and 31 are pro- 
40 vided such that they oppose the rotating shaft 6, and the 
opposing permanent magnets 31 and 31 are embedded 
and magnetized to have opposite poles. 
[0064] The permanent magnets 31 SA and 31 SB em- 
bedded in one side (e.g., the right side and the upper 
45 side in the drawing) from the rotating shaft 6 are polar- 
ized with the same south pole, while the permanent 
magnets 31NA and 31 NB embedded in the other side 
(e.g., the left side and the lower side in the drawing) are 
polarized with the same north pole. More specifically, 
so the permanent magnets 31 SA, 31SB and the perma- 
nent magnets 31 NA, 31 NB are disposed to substantially 
form a rectangular shape around the rotating shaft 6, 
and are embedded such that they carry two poles, 
namely, the south pole and the north pole, outward in 
55 the circumferential direction of the rotating shaft 6. This 
enables torque to be applied to the rotor 5 by the mag- 
netic forces of a primary winding 7A and an auxiliary 
winding 7B, which will be discussed hereinafter. The lay- 
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out of the permanent magnets 31 shown in Figs. 6 and 
7 is different from the layout of the permanent magnets 
31 shown in Figs. 2, 3, and 4. The layout of the perma- 
nent magnets 31 shown in Figs. 6 and 7 may be re- 
placed by the layout shown in Figs. 2, 3, and 4. In this 
case, however, the riveting positions of the rivets 66A 
have to be changed. Further alternatively, the perma- 
nent magnets 31 shown in Figs. 2, 3, and 4 may be ar- 
ranged as shown in Fig. 6 or 7. 

[0065] The hermetic electric compressor C provided 
with the synchronous induction motor 2 set forth above 
is used in a refrigerant circuit (Fig. 8) of an air conditioner 
or an electric refrigerator or the like to cool the interior 
of a room or a refrigerator. More specifically, when the 
compressor 3 of the hermetic electric compressor C is 
driven, a refrigerant sealed in the refrigerant circuit is 
drawn in through a suction pipe 23, compressed by the 
first rotary cylinder 9 and the second rotary cylinder 10, 
and discharged into a pipe 27 from a discharge pipe 22. 
The compressed gas refrigerant discharged into the 
pipe 27 flows into a condenser 28 where it radiates heat 
and is condensed into a liquid refrigerant, then flows into 
a receiver tank 29. 

[0066] The liquid refrigerant that flows into and tem- 
porarily stays in the receiver tank 29 passes from a pipe 
29A at the outlet side of the receiver tank 29 to a dryer 
30, a moisture indicator 35, a solenoid valve 36, and a 
thermostatic expansion valve 37 wherein it is throttled. 
Then, the liquid refrigerant flows into an evaporator 38 
where it evaporates. At this time, the refrigerant absorbs 
heat around it to effect its cooling action. When the re- 
frigerant almost liquefies, the refrigerant runs from a 
pipe 38A at the outlet side of the evaporator 38 into an 
accumulator 39 where it undergoes vapor-liquid sepa- 
ration, then it is drawn back into the compressor 3 again 
through a check valve 40. This refrigerating cycle is re- 
peated. 

[0067] The liquid refrigerant that has left the receiver 
tank 29 is branched off from the pipe 29A into a pipe 
38A between the evaporator 38 and the accumulator 39 
via a capillary tube 41, a high/low pressure switch 42, 
and a capillary tube 43. The high/low pressure switch 
42 detects the pressures of the pipe 29A and the pipe 
38A through the capillary tubes 41 and 43. If the pres- 
sures of the two pipes 29A and 38A exceeds a prede- 
termined pressure difference or more, resulting in an In- 
sufficient amount of the refrigerant drawn into the her- 
metic electric compressor C, then the liquid refrigerant 
from the receiver tank 29 is allowed to flow into the com- 
pressor 3 for protection. The thermostatic expansion 
valve 37 automatically adjusts its opening degree on the 
basis of the temperature detected by athermosensitive 
cylinder 34 provided at the outlet end of the evaporator 
38. 

[0068] Fig. 9 shows an electrical circuit diagram of the 
synchronous induction motor 2. The synchronous in- 
duction motor 2 shown in Fig. 9 that receives power from 
a single-phase alternating current commercial power 



source AC is equipped with a primary winding 7A and 
an auxiliary winding 7B. One end of the primary winding 
7A is connected to one end of the single-phase alternat- 
ing current commercial power source AC, and the other 

5 end thereof is connected to the other end of the power 
source AC. The auxiliary winding 7B connected to one 
end of the single-phase alternating current commercial 
power source AC is connected in series to the other end 
of the power source AC through the intermediary of a 

10 PTC 46 and a start-up capacitor 48 and also connected 
to an operating capacitor 47 in parallel to the PTC 46 
and the start-up capacitor 48. 

[0069] The PTC 46 is formed of a semiconductor de- 
vice whose resistance value increases in proportion to 
*s temperature. The resistance value is low when the syn- 
chronous induction motor 2 is started, and increases as 
current passes therethrough, generating heat. A power 
switch 49 is constituted by a current-sensitive type line 
current sensor for detecting line current and an overload 
20 relay that serves also as a protective switch used to sup- 
ply power from the single-phase alternating current 
commercial power source AC to the stator winding 7 and 
to cut off the supply of power to the stator winding 7. The 
operating capacitor 47 is set to have a capacitance suit- 
es ed for steady operation, and the operating capacitor 47 
and the start-up capacitor 48 are set to provide capaci- 
tances suited for start-up in the state wherein the capac- 
itors 47 and 48 are connected in parallel. 
[0070] The operation of the synchronous induction 
30 motor 2 will now be described. When the power switch 
49 is closed, current flows from the single-phase alter- 
nating current commercial power source AC to the pri- 
mary winding 7A and the auxiliary winding 7B. When the 
synchronous induction motor 2 is started up, the tem- 
35 perature of the PTC 46 is low and the resistance value 
thereof is also low, so that large current passes through 
the PTC 46 and large current accordingly passes 
through the auxiliary winding 7B. The auxiliary winding 
7B obtains start-up torque from the current phase differ- 
*o ence between itself and the primary winding 7A pro- 
duced by the operating capacitor 47 and the start-up ca- 
pacitor 48 connected in parallel, thus causing the syn- 
chronous induction motor 2 to start running. This ener- 
gization causes the PTC 46 to start serf-heating, and the 
45 resistance value of the PTC 46 increases accordingly 
until very little current passes through the PTC 46 itself. 
Thus, the start-up capacitor 48 is isolated, and the syn- 
chronous induction motor 2 continues steady operation 
from the current phase difference between the primary 
so winding 7A and the auxiliary winding 7B by the operating 
capacitor 47. As the hermetic electric compressor C op- 
erates, air conditioning is effected in a room or the inte- 
rior of a refrigerator is cooled. 

[0071] As described above, one of the end surface 
55 members 67 is secured to the rotor yoke 5A by one of 
the end rings 69 when the secondary conductors 5B and 
the two end rings 68 and 69 are formed. The other end 
surface member 66 is secured to the rotor yoke 5A by 
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the rivets 66A. Hence, it is possible to secure the end 
surface member 67 to the rotor yoke 5A at the same 
time when the secondary conductors 5B and the end 
rings 68 and 69 are die-cast. Thus, after the permanent 
magnets 31 are inserted into the slots 44, the permanent 
magnets 31 can be secured to the rotor 5 merely by se- 
curing the other end surface member 66 to the rotor 
yoke 5A by the rivets 66A. 

[0072] Another rotor 5 is shown in Fig. 1 0 and Fig. 1 1 . 
In this case, nonmagnetic constituents 55 and 56 are 
disposed in contact with the inner sides of the two end 
rings 68 and 69, which are integrally die-cast with the 
squirrel-cage type secondary conductors 5B making up 
the rotor 5. The nonmagnetic constituents 55 and 56 are 
made of copper, brass, or the like that allows easy pas- 
sage of current. The thickness of the nonmagnetic con- 
stituents 55 and 56 is set such that, when they are close- 
ly attached onto the plate-like end surface members 66 
and 67 that close both ends of the permanent magnets 
31 embedded in the rotor yoke 5A, they do not jut out 
beyond the end rings 68 and 69 that are integrally die- 
cast, protruding from both end surfaces of.the rotor yoke 
5A. 

[0073] The nonmagnetic constituents 55 and 56 are 
riveted at both ends thereof by the rivets 66B in the en- 
gaging through holes 5C provided in the rotor yoke 5A. 
The rivets 66B are fixed at four positions in the inner 
side of the corners where both ends of the individual per- 
manent magnets 31 S A, 31 SB and the permanent mag- 
nets 31 N A, 31 NB are in contact, the permanent mag- 
nets being disposed substantially into a rectangular 
shape around the rotating shaft 6. Thus, the nonmag- 
netic constituents 55 and 56 fix the two end surface 
members 66 and 67 by pressing them against the rotor 
yoke 5A. 

[0074] Fig. 12 and Fig. 13 show another rotor 5. As in 
the case of the rotor shown in Fig. 10 and Fig. 11 , the 
nonmagnetic constituents 55 and 56 are disposed in 
contact with the inner sides of the two end rings 68 and 
69, which are integrally die-cast with the squirrel-cage 
type secondary conductors 5B making up the rotor 5. 
The nonmagnetic constituents 55 and 56 are made of 
copper, brass, or the like that allows easy passage of 
current. The thickness of the nonmagnetic constituents 
55 and 56 is set such that, when they are closely at- 
tached onto the plate-like end surface members 66 and 
67 that close both ends of the permanent magnets 31 
embedded in the rotor yoke 5A, they do not jut out be- 
yond the end rings 68 and 69 that are integrally die-cast, 
protruding from both end surfaces of the rotor yoke 5A. 
[0075] Engaging pins 55A, 55A having a predeter- 
mined diameter and a predetermined length are protu- 
berantly formed on one surface of the nonmagnetic con- 
stituent 55. Similarly, engaging pins 56A, 56A having a 
predetermined diameter and a predetermined length 
are protuberantly formed on one surface of the nonmag- 
netic constituent 56. The nonmagnetic constituents 55 
and 56 are formed using a cast, and the engaging pins 



55A : 55A, 56A, and 56A are integrally formed with the 
nonmagnetic constituents 55 and 56. The nonmagnetic 
constituents 55 and 56 are fixed by being press-fitted 
into the engaging holes 5C provided in the rotor yoke 
5 5A. Thus, the nonmagnetic constituents 55 and 56 se- 
cure the two end surface members 66 and 67 by press- 
ing them against the rotor yoke 5A. 
[0076] As set forth above, the nonmagnetic constitu- 
ents 55 and 56 are disposed in contact with the inner 
10 sides of the two end rings 68 and 69, and the two end 
surface members 66 and 67 are secured by being 
pressed against the rotor yoke 5A by the nonmagnetic 
constituents 55 and 56. Therefore, the sectional areas 
of the end rings 68 and 69 can be increased by the 
15 amount provided by the nonmagnetic constituents 55 
and 56 securing the members 66 and 67 by pressing. 
With this arrangement, the secondary resistance is de- 
creased by the amount equivalent to the increase in the 
sectional areas of the end rings 68 and 69. Hence, a rise 
20 in temperature of the end rings 69 and 69 can be re- 
strained, and the magnetic forces of the magnets can 
be effectively used, making it possible to significantly im- 
prove the running performance of the synchronous in- 
duction motor 2. 
25 [0077] The rotor yoke 5A is provided with a balancer 
60 for ensuring good rotational balance of the rotor 5 
(see Fig. 14 and Fig. 15). The balancer 60 die-cast into 
a predetermined shape in advance has an end surface 
fixing portion 60A for fixing the end surface member 66 
30 and a rested portion 60B placed on the end ring 68, the 
end surface fixing portion 60A and the rested portion 
60B forming a step. The balancer 60 is shaped substan- 
tially like a semicircle of the rotor yoke 5A. Rivets 66C 
are located substantially equidistantly from the center of 
35 the semicircular balancer 60, and the balancer 60 is se- 
cured to the rotor yoke 5A together with the end surface 
members 66 by the rivets 66C. 

[0078] Thus, since the balancer 60 is secured to the 
rotor yoke 5A together with the end surface member 66 

40 by the rivets 66C, the ease of installing the balancer 60 
can be dramatically improved. This obviates the need 
for separately fixing the permanent magnets 31 and the 
balancer 60, permitting dramatically improved produc- 
tivity of the synchronous induction motor 2. 

45 [0079] A balancer assembly 61 is shown in Fig. 16. 
The balancer 61 is constructed of a predetermined 
number of plate-like balancers 61 A and plate-like bal- 
ancers 61 B having substantially the same outer config- 
uration as that of the rested portion 60B. The plate-like 

50 balancers 61 A are made of metal plates, each plate be- 
ing made of stainless steel, copper, brass, or the like 
and having a predetermined thickness and having sub- 
stantially the same outer configuration as that of the end 
surface fixing portion 60A of the balancer 60 shown in 

55 Fig. 14. A predetermined number of the plate-like bal- 
ancers 61 A and a predetermined number of the plate- 
like balancers 61 B are laminated, and secured to the 
rotor yoke 5A together with the end surface member 66 
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by the rivets 66C, thereby making up the balancer as- 
sembly 61 . 

[0080] Thus, since the balancer assembly 60 is fixed 
to the rotor yoke 5A together with the end surface mem- 
ber 66 by the rivets 66A, greater ease of installation of 5 
the balancer 60 can be achieved, allowing considerably 
higher productivity to be achieved. Moreover, since a 
plurality of the plate-like balancers 61 A and 61 B are lam- 
inated, the weight of the balancer assembly 61 can be 
easily adjusted. In addition, the cost of the balancer as- io 
sembly 61 can be significantly reduced by using, for ex- 
ample, inexpensive metal plates for the balancer as- 
sembly 61. 

[0081] Fig. 17 and Fig. 1 8 show another balancer as- 
sembly 62. The balancer assembly 62 is formed of the 15 
end surface member 67 and the balancer 60 shown in 
Fig. 14 combined into one piece. A weight portion 62A 
corresponding to the balancer 60 and an end surface 
portion 62B which is formed continuously from the 
weight 62A and which corresponds to the end surface 20 
member 67 are combined into one piece. The balancer 
assembly 62 is die-cast, or formed by pouring molten 
copper brass, or the like into a mold. The end surface 
portion 62B and the weight portion 62A are secured to 
the rotor yoke 5A together with the other end surface 25 
member 67 by a rivet 66B and a rivet 66C, respectively. 
[0082] As described above, since the balancer 62 is 
formed of the end surface member 67 and the balancer 
60 combined into one piece, the number of components 
can be reduced. This allows the installation of the end 30 
surface member 67 to be simplified, thus permitting dra- 
matically improved productivity to be achieved. 
[0083] Fig. 19 and Fig. 20 show another rotor 5. In this 
case, the rotor yoke 5A constituting the rotor 5 has a 
plurality of slots 44 (four in this embodiment) that are 35 
formed to vertically penetrate the rotor yoke 5A and 
have their both ends open. The openings of both ends 
of the slots 44 are closed by a pair of end surface mem- 
bers 66 and 67, as shown in Fig. 19 and Fig. 20. When 
the squirrel-cage secondary conductors 5B and end 40 
rings 68 and 69 are die-cast, the end surface member 
67 is integrally secured to the rotor yoke 5A by the end 
ring 69, and the end surface member 66 is integrally se- 
cured to the rotor yoke 5A by the end ring 68. 
[0084] In this case, with the peripheral portions of the 45 
end surface members 66 and 67 slightly extended into 
the end rings 68 and 69, respectively, the rotor yoke 5A, 
the end rings 68 and 69, and the end surface members 
66 and 67 are die-cast into one piece. This secures the 
two end surface members 66 and 67 to both ends of the so 
rotor yoke 5A, and also fixes the permanent magnets 
31 in the slots 44. The permanent magnets 31 are made 
of a rare earth type permanent magnet material of, for 
example, a praseodymium type permanent magnet or a 
neodymium type permanent magnet with nickel plating 55 
or the like provided on the surface thereof so as to pro- 
duce high magnetic forces. The permanent magnets 31 
and 31 are provided such that they oppose the rotating 
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shaft 6, and the opposing permanent magnets 31 and 
31 are embedded and magnetized to have opposite 
poles. 

[0085] The permanent magnets 31 SA and 31 SB em- 
bedded in one side (e.g., the right side and the upper 
side in the drawing) from the rotating shaft 6 are polar- 
ized with the same south-seeking poles, while the per- 
manent magnets 31 NA and 31 NB embedded in the oth- 
er side (e.g. , the left side and the lower side in the draw- 
ing) are polarized with the same north-seeking poles. 
More specifically, the permanent magnets 31 SA, 31 SB 
and the permanent magnets 31 N A, 31 NB are disposed 
to substantially form a rectangular shape around the ro- 
tating shaft 6, and are embedded such that they carry 
two poles, namely, the south pole and the north pole, 
outward in the circumferential direction of the rotating 
shaft 6. This enables torque to be applied to the rotor 5 
by the magnetic forces of a primary winding 7A and an 
auxiliary winding 7B, which will be discussed hereinaf- 
ter. The layout of the permanent magnets 31 shown in 
Figs. 19 and 20 is different from the layout of the per- 
manent magnets 31 shown in Figs. 2, 3, and 4. The lay- 
out of the permanent magnets 31 shown in Figs. 1 9 and 
20 may be replaced by the layout shown in Figs. 2, 3, 
and 4. Further alternatively, the permanent magnets 31 
shown in Figs. 2, 3 : and 4 may be arranged as shown 
in Fig. 19 or 20. 

[0086] Thus, since the two end surface members 66 
and 67 are secured to the rotor yoke 5A by the two end 
rings 68 and 69 when the secondary conductors 5B and 
the end rings 68 and 69 are formed by die casting, the 
two end surface members 66 and 67 can be easily se- 
cured to the rotor yoke 5A when the secondary conduc- 
tors 5B and the end rings 68 and 69 are formed by die 
casting. This arrangement makes it possible to obviate 
the need of, for example, the cumbersome step for in- 
serting the permanent magnets 31 into the slots 44, then 
attaching the end surface members 66 and 67 to both 
ends of the rotor yoke 5A after die-casting the end rings 
68 and 69, as in the case of a prior art. 
[0087] Another rotor is shown in Figs. 21 and 22. In 
this case, a rotor yoke 5A is provided with a balancer 60 
for ensuring good rotational balance of the rotor 5. The 
balancer 60 is integrally formed with an end surface 
member 66, and is constituted by an end surface plate 
portion 60A, a weight portion 60C, and a connecting por- 
tion 60B that connects the weight portion 60C and the 
end surface plate portion 60A. The weight portion 60C 
is formed to have a sufficient size to be rested on an end 
ring 68, and has a substantially semicircular shape. 
[0088] The end surface plate portion 60A has sub- 
stantially the same shape as the end surface member 
66. The end surface plate portion 60A and the weight 
portion 60C are connected by the connecting portion 
60B. The end surface plate portion 60A, the weight por- 
tion 60C, and the connecting portion 60B are formed into 
one piece. The balancer 60 is cast by pouring molten 
copper, brass, or the like into a mold. The connecting 
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portion 60B is positioned on the inner side of the end 
ring 68, with the periphery of the end surface plate por- 
tion 60A slightly extending into the end ring 68. The 
weight portion 60C is formed on the end ring 68. 
[0089] The balancer 60 formed as set forth above is 
secured to the rotor yoke 5A by the end ring 68 when 
both end surface members 66 and 67, secondary con- 
ductors 5B, and the end rings 68 and 69 are die-cast. 
The end surface member 67 is secured to the rotor yoke 
5A by the end ring 69, as previously mentioned. This 
fixes the permanent magnets 31 in slots 44 of the rotor 
yoke 5A. 

[0090] Thus, the balancer 60 and the end surface 
member 67 are secured to the rotor yoke 5A when the 
secondary conductors 5B and the two end rings 68 and 
69 are die-cast. This makes it possible to obviate the 
need for a cumbersome step for inserting a plurality of 
the permanent magnets 31 into the slots 44 after die- 
casting the secondary conductor 5B and the two end 
rings 68 and 69, then installing the end surface mem- 
bers 66 and 67 to both ends of the rotor yoke 5A, as in 
the prior art. 

[0091] When the permanent magnets are installed in 
the rotor of a synchronous induction motor, a magnetic 
field of the permanent magnets inevitably passes 
through a rotating shaft. Hence, the rotating shaft is 
magnetized, and there has been a problem in that iron 
powder or the like adheres to the magnetized rotating 
shaft, causing the rotating shaft to wear. 
[0092] In addition, installing the permanent magnets 
in the rotor causes the rotting shaft and a bearing to be 
attracted to each other due to the magnetic forces of the 
permanent magnets, resulting in high friction between 
the rotating shaft and the bearing. This has also been 
presenting a problem of wear on the rotating shaft. 
[0093] Referring now to Fig. 23 through Fig. 37, the 
descriptions will be given of the configuration that sig- 
nificantly restrains the magnetization of a rotating shaft 
to which a rotor of a two-pole synchronous induction mo- 
tor has been attached. 

[0094] In this case, unmagnetized magnet constitu- 
ents of permanent magnets 31 are inserted in the open- 
ings of slots 44, the openings are then closed by an end 
surface member 66, and the end surface member 66 is 
riveted to engaging holes 5C provided in the rotor yoke 
5A by rivets 66A so as to fix the magnet constituents in 
the slots 44. Thus, the end surface members 66 and 67 
are secured to both ends of the rotor yoke 5A, and the 
permanent magnets 31 are fixed in the slots 44. The per- 
manent magnets 31 are made of a rare earth type per- 
manent magnet material of, for example, a praseodym- 
ium type permanent magnet or a neodymium type per- 
manent magnet with nickel plating or the like provided 
on the surface thereof so as to produce high magnetic 
forces. The permanent magnets 31 and 31 are provided 
such that they oppose the rotating shaft 6, and the op- 
posing permanent magnets 31 and 31 are embedded 
and magnetized to have opposite poles, as shown in 



Fig. 23. 

[0095] The permanent magnets 31 SA and 31 SB em- 
bedded in one side (e.g., the right side and the upper 
side in the drawing) from the rotating shaft 6 are polar- 
5 ized with the same south-seeking poles, while the per- 
manent magnets 31 NA and 31 NB embedded in the oth- 
er side (e.g. , the left side and the lower side in the draw- 
ing) are polarized with the same north-seeking poles. 
More specifically, the permanent magnets 31 SA, 31 SB 
10 and the permanent magnets 31 N A, 31 NB are disposed 
to substantially form a rectangular shape around the ro- 
tating shaft 6, and are embedded such that they carry 
two poles, namely, the south pole and the north pole, 
outward in the circumferential direction of the rotating 
15 shaft 6. This enables torque to be applied to the rotor 5 
by the lines of magnetic force of a primary winding 7A 
and an auxiliary winding 7B, which will be discussed 
hereinafter. The layout of the permanent magnets 31 
shown in Fig. 23 is different from the layout of the per- 
20 manent magnets 31 shown in Figs. 2, 3, and 4. The lay- 
out of the permanent magnets 31 shown in Fig. 23 may 
be replaced by the layout shown in Figs. 2, 3, and 4. 
Further alternatively, the permanent magnets 31 shown 
in Figs. 2, 3, and 4 may be arranged as shown in Fig. 23 . 
25 [0096] Fig. 24 is an analytical diagram of the magnetic 
field of the rotor 5 shown in Fig. 4. In the rotor 5, a mag- 
netic field in which both permanent magnets 31 and 31 
attract each other is formed; however, only the south- 
pole side of the magnetic field is shown in Fig. 24. As 
30 may be seen from Fig. 24 and Fig. 4, The permanent 
magnets 31 and 31 mounted on the rotor 5 and opposing 
the rotating shaft 6 are arranged to have opposite mag- 
netic poles from each other against the rotating shaft 6. 
The magnetic flux of the rotor 5 with this arrangement 
35 is 0.294 x 1 0" 2 [Wb], although it depends on the magnetic 
force of the permanent magnets 31 and other condi- 
tions. 

[0097] A lubricant runs between the rotor 5 and the 
rotating shaft 6, and the rotor yoke 5A in which the per- 

40 manent magnets 31 have been inserted is formed of a 
ferromagnetic member. Therefore, most lines of mag- 
netic force (hereinafter referred to as the "magnetic 
field") of both permanent magnets 31 and 31 pass 
through the rotor yoke 5A and attract each other. A part 

45 of the magnetic f ield bypasses the rotor yoke 5A and 
passes through the rotating shaft 6 via a void (including 
a lubricant). It is already well known that a magnetic 
member easily passes a magnetic field, while the void, 
which is not a magnetic member, restrains the passage 

so of the magnetic field; therefore, no further explanation 
will be given. 

[0098] Measurement results have shown that the 
magnetic flux density of the rotating shaft 6 ranges from 
about 0.3 teslas up to about 0.42 teslas, as shown in 
55 Rg. 25, although it depends on the magnetic forces of 
the permanent magnets 31 and other conditions. More 
specifically, the magnetic field of the permanent mag- 
nets 31 that passes through the rotating shaft 6 mag- 
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netizes the rotating shaft 6. The different permanent 
magnets 31 and 31 are laterally disposed in Fig. 4, and 
the different permanent magnets 31 and 31 are vertical- 
ly disposed in Fig. 24; however, both are the same per- 
manent magnets. In the drawings, the south magnetic 
pole of the permanent magnets 31 is shown, and the 
north magnetic pole has been omitted, because a mag- 
netic field symmetrical to that of the south magnetic pole 
is produced on the north magnetic pole side. 
[0099] Fig. 26 is an analytical diagram of a magnetic 
field produced when the rotor 5 of Fig. 24 is provided 
with voids 5D. The voids 5D are arcuately formed in the 
rotor yoke 5A around the rotating shaft 6 and formed 
such that they are spaced away from the rotating shaft 
6 by a predetermined distance and they penetrate in the 
direction in which the rotating shaft 6 extends. The voids 
5D are laterally spaced away from each other by a pre- 
determined dimension from a point where the perma- 
nent magnet 31 is closest to the rotating shaft 6, and the 
voids 5D are extended therefrom for a predetermined 
length and arcuately formed around the rotating shaft 6. 
More specifically, since a magnetic field is hardly formed 
in the voids 5D, so that the rotor 5 is provided with the 
voids 5D to restrain the passage of a magnetic field so 
as to alter the direction of the magnetic field in the rotor 
5. The magnetic flux force of the rotor 5 in this case is 
0.294 x 10-2 [Wo]. 

[0100] In this case, the voids 5D provided in the rotor 
yoke 5A are formed around the rotating shaft 6, and the 
magnetic field is accordingly formed around the rotating 
shaft 6. However, a part of the magnetic field of the two 
permanent magnets 31 and 31 passes between the two 
voids 5D and enter the rotating shaft 6. The magnetic 
flux density of the rotating shaft 6 ranges from about 
0.25 teslas up to about 0.49 teslas, as shown in Fig. 27. 
In other words, since the magnetic field of the perma- 
nent magnets 31 undesirably passes between the void 
5D and the void 5D spaced away from each other by the 
predetermined dimension, the rotating shaft 6 located 
therebetween is magnetized. 

[0101] Fig. 28 is an analytical diagram of a magnetic 
field produced when the rotor 5 is provided with a plu- 
rality of voids 5D at positions different from those of the 
voids 5D shown in Fig. 26. A void 5D is arcuately formed 
in the rotor yoke 5A around the rotating shaft 6 and 
formed such that they are spaced away from the rotating 
shaft 6 by a predetermined distance and it penetrates 
in the direction in which the rotating shaft 6 extends, as 
mentioned above. The void 5D is laterally and arcuately 
formed for a predetermined dimension from a point 
where the permanent magnet 31 is closest to the rotat- 
ing shaft 6. In addition, arcuate voids 5D are further 
formed around the rotating shaft 6, with predetermined 
dimensions allowed from both ends of the void 5D. In 
other words, the void 5D having a predetermined width 
is provided at the central portion where the permanent 
magnets 31 and 31 provided in the rotor 5 attract each 
other so as to reduce the magnetic field passing through 



the rotor 5, thereby altering the direction of the magnetic 
field in the rotor 5. The magnetic flux of the rotor 5 in this 
case is 0.288 x 1Cr 2 [Wb]. 

[0102] In this case also : the voids 5D provided in the 

5 rotor yoke 5A are formed around the rotating shaft 6; 
however, the one of the voids 5D laterally extends by a 
predetermined dimension from the point where the per- 
manent magnet 31 is closest to the rotating shaft 6, and 
the magnetic field reduces when it passes through the 

10 void 5D. Actually, however, the magnetic field bypasses 
the voids 5D, as illustrated. In this case, the magnetic 
field formed by the permanent magnets 31 and 31 by- 
passes the rotating shaft 6 because of the voids 5D. The 
magnetic flux density of the rotating shaft 6 ranges from 

15 about 0.23 teslas up to about 0.32 teslas, as shown in 
Fig. 29. In other words, since the magnetic field of the 
permanent magnets 31 avoids passing through the 
voids 5D, the rotating shaft 6 is hardly magnetized. 
[0103] Fig. 30 is an analytical diagram showing a 

20 magnetic field of the rotor 5 when the permanent mag- 
nets 31 are disposed at different positions. In this case, 
permanent magnets 31 SB are provided between two 
permanent magnets 31 SA (one of the permanent mag- 
nets 31 SA is not shown) that oppose the rotating shaft 

25 6 . The permanent magnets 31 SB and 31 SB are dis- 
posed such that they are inclined with respect to the 
center of the permanent magnet 31 SA provided on the 
outer side of the rotor 5. In other words, the permanent 
magnets 31 SB are inclined in the direction such that the 

30 flow of the magnetic field of the permanent magnet 
31 SA moves away from the rotating shaft 6. This means 
that the permanent magnets 31 SB and 31 SB for draw- 
ing in the magnetic field produced by the permanent 
magnet 31 SA are disposed on both sides of the line that 

35 passes the permanent magnets 31 SA and the rotating 
shaft 6. 

[0104] Thus, the flow of the magnetic field of the per- 
manent magnets 31SA is directed toward the perma- 
nent magnets 31 SB. In other words, the permanent 

40 magnets 31 SA and the permanent magnets 31 SB are 
disposed to attract each other thereby to change the di- 
rection of the magnetic field in the rotor 5 so as to cause 
the magnetic field to pass through the rotor yoke 5A ex- 
cluding the rotating shaft 6. The magnetic flux of the ro- 

45 tor 5 in this case is 0.264 x 10' 2 [Wb]. In this case, the 
magnetic field produced by the two permanent magnets 
31 SA is formed such that it bypasses the rotating shaft 
6 due to the presence of the permanent magnets 31 SB. 
The magnetic flux density of the rotating shaft 6 ranges 

50 from about 0.03 teslas up to about 0. 1 8 teslas, as shown 
in Fig. 31 . In other words, the magnetic field of the per- 
manent magnets 31 avoids passing through the rotating 
shaft 6, so that the rotating shaft 6 is hardly magnetized. 
[01 05] Based on the analytical results of the magnetic 

55 field of the rotor 5, the one shown in Fig. 30 wherein the 
permanent magnets 31 SB are differently disposed with 
respect to the permanent magnet 31 SA is most effective 
for restraining the magnetization of the rotating shaft 6. 
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This layout of the permanent magnets, however, is not 
necessarily fully satisfactory. In comparison, it has been 
proven that the rotor 5 shown in Fig. 28 in which the 
voids 5D are provided such that they block the magnetic 
field between the two permanent magnets 31 and 31, 
facing against the rotating shaft 6, provides the greatest 
magnetic force without causing the rotating shaft 6 to be 
magnetized. This means that the experiment results 
have shown that providing the rotor yoke 5A with the 
voids 5D shown in Fig. 28 makes it possible to prevent 
iron powder from adhering to the rotating shaft 6 and 
restrain the degradation in the performance of the syn- 
chronous induction motor 2. Regarding the voids 5D, 
only the void 5D provided at the center between the two 
permanent magnets 31 and 31 may be provided. 
[01 06] Examples of the layout of the two-pole perma- 
nent magnets 31 are given by the rotors 5 shown in Fig. 
32 through Fig. 37. Referringto Fig. 32, permanentmag- 
nets 31 SB, 31 SB and permanent magnets 31 NB, 31 NB 
are disposed on the right and left sides of the rotating 
shaft 6 of the rotor yoke 5A such that they oppose each 
other. These permanent magnets 31 SB, 31 SB and the 
permanent magnets 31 NB, 31 NB are laid out in "V" 
shapes such that they face toward the center of the ro- 
tating shaft 6. On the outer sides of these permanent 
magnets 31 (on the sides away from the rotating shaft 
6), a pair of permanent magnets 31 are disposed, op- 
posing each other, to have two poles, the one on the 
right side of the rotating shaft 6 carrying the south pole 
and the one on the left side thereof carrying the north 
pole. Referring to Fig. 33, permanent magnets 31 SB, 
31 SB and permanent magnets 31 NB, 31 NB are further 
disposed in the rotor 5 of Fig. 32 such that they are in- 
clined toward the rotating shaft 6. The permanent mag- 
nets provide two poles, the ones on the right side of the 
rotating shaft 6 carrying the south pole, while the ones 
on the left side thereof carrying the north pole. 
[0107] Referring now to Fig. 34, two permanent mag- 
nets 31 are disposed in the rotor yoke 5 A substantially 
in "V" shapes such that they substantially form a dia- 
mond shape, laterally opposing each other, sandwich- 
ing the rotating shaft 6. The permanent magnet on the 
right side of the rotating shaft 6 carries the south pole, 
while the permanent magnet on the left side thereof car- 
ries the north pole. In other words, in the rotors 5 having 
the permanent magnets 31 laid out as shown in Fig. 32 
through Fig. 34, the magnetization of the rotating shaft 
6 caused by the magnetic forces of the permanent mag- 
nets 31 can be restrained by forming the voids 5D, which 
is shown in Fig. 28, in the rotor yoke 5A as described 
above, the voids being located at the central portion 
where the opposing permanent magnets 31 and 31 at- 
tract each other. 

[0108] Referring to Fig. 35, the rotor yoke 5A is pro- 
vided with eight permanent magnets 31 . The permanent 
magnets 31 are disposed roughly radially, as observed 
from the rotating shaft 6. More specifically, the perma- 
nent magnets 31 are arranged in an approximate radial 



pattern in two rows on each side with predetermined in- 
tervals provided among the permanent magnets and 
with a predetermined space laterally provided between 
the rows on the right side and the left side such that they 

5 oppose each other sandwiching the rotating shaft 6. 
The permanent magnets carry two poles, the ones on 
the right side of the rotating shaft 6 carrying the south 
pole, while the ones on the left side thereof carrying the 
north pole. In Fig. 36, the permanent magnets 31 are 

10 arranged in an approximate radial pattern in three rows 
on each side with a predetermined interval laterally pro- 
vided between the rows. The permanent magnets carry 
two poles, the ones on the right side of the rotating shaft 
6 carrying the south pole, while the ones on the left side 

15 thereof carrying the north pole. In other words, in the 
rotors 5 shown in Fig. 35 and Fig. 36, the permanent 
magnets 31 are radially arranged substantially around 
the rotating shaft 6, so that the magnetic f ield is directed 
away from the rotating shaft 6, as illustrated in Fig. 30. 

20 Thus, the magnetic field of the two permanent magnets 
31 and 31 disposed to oppose the rotating shaft 6 by- 
passes the rotating shaft 6; therefore, the rotating shaft 
6 will not be magnetized. 

[0109] Referring to Fig. 37, the rotor yoke 5A is pro- 

25 vided with six permanent magnets 31 . These permanent 
magnets 31 are laid out in a substantially hexagonal 
shape around the rotating shaft 6. The permanent mag- 
nets 31 have two poles, the ones on the right side of the 
rotating shaft 6 carrying the south pole, while the ones 

30 on the left side carrying the north pole. By forming the 
void 5D shown in Fig. 28 in the rotor yoke 5A mentioned 
above at the central portion where the opposing perma- 
nent magnets 31 attract each other, it is possible to fur- 
ther restrain the rotating shaft 6 from being magnetized 

35 by the magnetic forces of the permanent magnets 31 . 
More specifically, in the rotor 5 provided with the perma- 
nent magnets 31 disposed as shown in Fig. 37, the voids 
5D provided in the rotor 5 shown in Fig. 26 cause the 
magnetic fields of the two opposing permanent magnets 

40 31 to pass the rotor yoke 5 A, bypassing the voids 5D. 
As a result, the magnetic fields do not pass the rotating 
shaft 6, so that the rotating shaft 6 is hardly magnetized. 
Voids 32 shown in Figs. 33, 34, and 37 intercept the 
magnetic field formed between the permanent magnets 

45 31 on the south pole side and the permanent magnets 
31 on the north pole side. The voids 32, however, are 
dispensable. 

[01 10] As described above, the voids 5D are formed 
at the central portion of the rotor yoke 5A where the per- 

50 manent magnets 31 and 31 , which oppose each other 
with the rotating shaft 6 sandwiched therebetween and 
attract each other, and the permanent magnets 31 are 
arranged such that the magnetic field does not pass 
through the rotating shaft 6 or the magnetic field bypass- 

55 es the rotating shaft 6. With this arrangement, it is pos- 
sible to restrain the rotating shaft 6 from being magnet- 
ized. This makes it possible to prevent inconveniences 
in which iron powder or the like adheres to the rotating 
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shaft 6 or the rotating shaft 6 and the bearings 17 and 
1 8 wear out due to friction caused by the magnetic forc- 
es of the permanent magnets 31 . 
[0111] In general, the permanent magnets used with 
synchronous induction motors are magnetized In ad- 
vance at a different place, then installed in rotors. For 
this reason, when inserting the magnetized permanent 
magnets in rotors, the permanent magnets attract each 
other, leading to poor workability. Furthermore, when in- 
serting a rotor in a stator, the rotor is attracted to a sur- 
rounding surface : posing the problem of degraded as- 
semblability of a synchronous induction motor. 
[01 12] In addition, since the permanent magnets are 
incorporated in a rotor, the workability in installing the 
rotor in a stator is degraded, resulting in assembly fail- 
ure. 

[0113] Referring now to Fig. 38 through Fig. 46, the 
descriptions will be given to the structure of a synchro- 
nous induction motor that allows permanent magnets to 
be inserted in a rotor without the magnetic attraction 
problem of the permanent magnets, and that also fea- 
tures dramatically improved workability of installation. 
The descriptions will also be given of a manufacturing 
method for the synchronous induction motor. 
[01 1 4] The rotor 5 in this case is constructed of a rotor 
yoke 5A, die-cast squirrel-cage secondary conductors 
5B positioned around the rotor yoke 5A, a die-cast end 
ring 69 which is positioned on the peripheral portion of 
an end surface of the rotor yoke 5A, annularly protrudes 
by a predetermined dimension, and integrally die-cast 
with the squirrel-cage secondary conductors 5B t and 
permanent magnets 31 embedded in the rotor yoke 5A. 
The permanent magnets 31 are magnetized after per- 
manent magnet materials are inserted in slots 44, which 
will be discussed hereinafter. The permanent magnets 
31 (31SA and 31SB) embedded in one side (e.g., the 
right side in the drawing) from the rotating shaft 6 are 
polarized with the same south pole, while the permanent 
magnets 31 (31 NA and 31NB) embedded in the other 
side (e.g., the leftside in the drawing) are polarized with 
the same north pole : as shown in Fig. 38 and Fig. 39. 
[0115] The plurality of squirrel-cage secondary con- 
ductors 5B are provided on the peripheral portion of the 
rotor yoke 5A and have aluminum diecast members in- 
jection-molded in cylindrical holes (not shown) formed 
in the cage in the direction in which the rotating shaft 6 
extends, as described previously. The squirrel-cage 
secondary conductors 5B are formed in a so-called 
skew pattern in which they are spirally inclined at a pre- 
determined angle in the circumferential direction of the 
rotating shaft 6 from one end toward the other end, as 
illustrated in Fig. 5. 

[0116] The rotor yoke 5A has a plurality of slots 44 
(four in this embodiment) vertically formed with both 
ends open. The openings at both ends of the slots 44 
are closed by a pair of the end surface members 66 and 
67, respectively, as shown in Fig. 7. When the squirrel- 
cage secondary conductors 5B and the end rings 68 and 



69 are die-cast, the end surface member 67 is fixed to 
the rotor yoke 5A by the end ring 69. The end surface 
member 66 is secured to the rotor yoke 5A by a plurality 
of rivets 66A functioning as fixtures. 

s [0117] In this case, after the unmagnetized magnet 
constituents of the permanent magnets 31 are inserted 
through the openings of the slots 44, the openings are 
closed by the end surface member 66, and the end sur- 
face member 66 is fixed by riveting into engaging holes 

10 5C provided in the rotor yoke 5A by using the rivets 66A. 
This secures the magnet constituents in the slots 44. 
The magnet constituents are formed of a rare earth type 
permanent magnet material of, for example, a praseo- 
dymium type permanent magnet or a neodymium type 

is permanent magnet with nickel plating or the like provid- 
ed on the surface thereof, or a ferrite material, that is 
capable of exhibiting high magnet characteristics even 
in a low magnetizing magnetic field. In this case, the de- 
magnetization during operation can be restrained by us- 

20 ing, for example, a ferrite magnet or a rare earth type 
magnet (the coercive force at normal temperature being 
1350 to 2150 kA/m and the coercive force temperature 
coefficient being - 0.7%/° C or less). 
[0118] If an unmagnetized magnet constituent is in- 

25 serted in a rotor, and a stator winding is energized to 
magnetize the magnet constituent, the stator winding 
may be deformed by the electromagnetic force pro- 
duced at the magnetization. For this reason, the stator 
winding 7 is coated with varnish or a sticking agent that 

30 fuses when heated. The varnish or the sticking agent 
that fuses when heated securely prevents the deforma- 
tion of a winding end of the stator winding 7 and the deg- 
radation of the coating of the winding caused by heat if 
the stator winding 7 becomes hot from the heat gener- 
is ated by itself when the magnet constituent is magnet- 
ized. 

[0119] There is another problem in that the quality of 
a synchronous induction motor is deteriorated. To solve 
the problem, a predetermined voltage and a predeter- 

40 mined current are supplied to one phase or two phases 
of the stator winding so as to magnetize the unmagnet- 
ized magnet constituents fixed in the slots 44 provided 
in the rotor yoke 5A. This permits better magnetizing 
performance than that obtained by energizing the pri- 

45 mary winding 7A and the auxiliary winding 7B at the 
same time. Hence, the unmagnetized magnet constitu- 
ents can be intensely magnetized. 
[0120] The rotor 5 is provided with four permanent 
magnets 31 and 31 formed of the magnetized magnet 

50 constituents that oppose the rotating shaft 6. The op- 
posing permanent magnets 31 and 31 are disposed with 
opposite magnetic poles, as shown in Fig. 40. Perma- 
nent magnets 3 1 S A and 31 SB embedded in one side of 
the rotating shaft 6 (e.g., upper and lower on the right 

55 side in the drawing) from the rotating shaft 6 are polar- 
ized with the same south pole, while the permanent 
magnets 31 NA and 31 NB embedded in the other side 
(e.g., upper and lower on the left side in the drawing) 
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are polarized with the same north pole. 
[0121] More specifically, the permanent magnets 
31 SA, 31 SB and the permanent magnets 31 N A, 31 NB 
are disposed to substantially form a rectangular shape 
around the rotating shaft 6, and are embedded such that 
they carry two poles, namely, the south pole and the 
north pole, outward in the circumferential direction of the 
rotating shaft 6. This enables torque to be applied to the 
rotor 5 by the magnetic forces of a primary winding 7A 
and an auxiliary winding 7B, which will be discussed 
hereinafter. The layout of the permanent magnets 31 
shown in Fig. 40 is different from the layout of the per- 
manent magnets 31 shown in Fig. 38; however, the lay- 
out of the permanent magnets 31 shown in Fig. 40 may 
be replaced by the layout shown in Fig. 38. In this case, 
however, the riveting positions of the rivets 66A have to 
be changed. Further alternatively, the permanent mag- 
nets 31 shown in Fig. 38 may be arranged as shown in 
Fig. 40. 

[01 22] Thus, after the magnet constituents of the per- 
manent magnets 31 are embedded in the rotor yoke 5 A, 
the magnet constituents are magnetized by current 
passed through the stator winding 7. Hence, when the 
rotor 5 is inserted in the stator 4, a problem can be 
solved in which the permanent magnets 31 inserted in 
the stator 4 cause magnetic attraction to the surround- 
ing. This arrangement makes it possible to prevent in- 
convenience of lower productivity of the synchronous in- 
duction motor 2, thus permitting improved assemblabil- 
ity of the synchronous induction motor 2. 
[0123] Anotherrotor5isshownin Fig. 41 . In this case, 
the rotor yoke 5A has two magnet constituents embed- 
ded therein. The two plate-like magnet constituents are 
arranged in parallel to each other, sandwiching the ro- 
tating shaft 6 and embedded in slots 44 vertically formed 
in the rotor yoke 5A so that they penetrate the rotoryoke 
5A. The magnet constituents are formed of a rare earth 
type or ferrite material, as mentioned above. 
[0124] Referring now to Fig. 46, a three-phase, two- 
pole synchronous induction motor 2A will be described. 
The synchronous induction motor 2A is installed in the 
hermetic electric compressor C, as in the case of the 
synchronous induction motor 2 described above. Fig. 46 
is an electrical circuit diagram of the three-phase, two- 
pole synchronous induction motor 2A. In the drawing, 
the synchronous induction motor 2A is equipped with a 
t h ree _priase stator winding 75 constructed of a winding 
75A, a winding 75B 5 and a winding 75C. The winding 
75A, the winding 75B, and the winding 75C of the stator 
winding 75 are connected to a three-phase alternating 
current commercial power source AC3 through the in- 
termediary of a power switch 77. Current-sensitive line 
current detectors 76 for detecting line current are pro- 
vided on the lines connected to the winding 75A, the 
winding 75B, and the winding 75C. The power switch 77 
functions also as a protective switch that cuts off the 
supply of power to the stator winding 7 if any of the line 
current detectors 76 senses a predetermined current. 



The rest of the configuration is as described above. 
[0125] The two unmagnetized magnet constituents 
fixed in the slots 44 provided in the rotor yoke 5A are 
magnetized by a predetermined voltage and a predeter- 

5 mined current supplied to one phase, two phases, or 
three phases of the stator winding. Thus, the two oppos- 
ing magnet constituents are magnetized into the perma- 
nent magnets 31 having opposite magnetic polarities. 
To be more specific, the rotor 5 includes opposing per- 

10 manent magnets 31 magnetized to have opposite mag- 
netic polarities, namely, permanent magnets 31 SA on 
the right side and permanent magnets 31 NA on the left 
side. 

[01 26] Another example of the rotor 5 is shown in Fig. 
15 42. In this case also, the rotor yoke 5A is provided with 
two magnet constituents. The two magnet constituents 
are embedded in slots 44 vertically formed in the rotor 
yoke 5A so that they penetrate the rotor yoke 5A. The 
magnet constituents are disposed in arcuate shapes in- 
20 side the squirrel-cage secondary conductor SB with a 
predetermined interval allowed therebetween, and are 
embedded such that both ends of the two arcuate mag- 
net constituents are close to each other. The magnet 
constituents is formed of a rare earth type or ferrite ma- 
25 terial, as mentioned above. 

[0127] The two unmagnetized magnet constituents 
fixed in the slots 44 provided in the rotor yoke 5A are 
magnetized by a predetermined voltage and a predeter- 
mined current supplied to one phase, two phases, or 
30 three phases of the stator winding. Thus, the two oppos- 
ing magnet constituents are magnetized into the perma- 
nent magnets 31 having opposite magnetic polarities to 
constitute the rotor 5. To be more specific, the rotor 5 
includes opposing permanent magnets 31 magnetized 
35 to have opposite magnetic polarities, namely, a perma- 
nent magnet 31 SA on the right side and a permanent 
magnet 31 NA on the left side. 

[0128] Another example of the rotor 5 is shown in Fig. 
43. In this case, the rotor yoke 5A is provided with four 

40 magnet constituents. The four magnet constituents are 
individually embedded in slots 44 vertically formed in the 
rotor yoke 5A such that they penetrate the rotor yoke 
5A. The magnet constituents are embedded inside the 
squirrel-cage secondary conductor 5B such that two 

45 sets of permanent magnets 31 , each set consisting of 
two magnet constituents and shaping substantially like 
Y, oppose each other, sandwiching the rotating shaft 
6. The magnet constituents are arranged such that they 
form substantially a diamond shape, as observed from 

so above. The magnet constituents are formed of a rare 
earth type or ferrite material, as previously mentioned. 
Voids 32 function to intercept the magnetic field formed 
between the south pole (permanent magnets 31 SA, 
31 SB) and the north pole (permanent magnets 31 NA, 

55 31 NB). The voids 32, however, are dispensable. 

[0129] The unmagnetized magnet constituents fixed 
in the slots 44 provided in the rotor yoke 5A are mag- 
netized by a predetermined voltage and a predeter- 
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mined current supplied to one phase, two phases, or 
three phases of the stator winding. Thus, the opposing 
sets of magnet constituents are magnetized into the sets 
of permanent magnets 31 carrying opposite magnetic 
polarities. To be more specific, the rotor 5 includes op- 
posing sets of permanent magnets 31 magnetized to 
have opposite magnetic polarities, namely, two upper 
and lower permanent magnet 31 SA and 31 SB on the 
right side and two upper and lower permanent magnet 
31 NA and 31 NB on the left side. 
[0130] Another example of the rotor 5 is shown in Fig. 

44. In this case, the rotor yoke 5A is provided with six 
magnet constituents. The six magnet constituents are 
individually embedded in slots 44 vertically formed in the 
rotor yoke 5A such that they penetrate the rotor yoke 
5A. The magnet constituents are arranged inside the 
squirrel-cage secondary conductor 5B such that two 
sets, each set consisting of three magnet constituents, 
oppose each other, sandwiching the rotating shaft 6 
therebetween, and are shaped like a hexagon. The 
magnet constituents are formed of a rare earth type or 
ferrite material, as previously mentioned. 

[0131] The unmagnetized magnet constituents fixed 
in the slots 44 provided in the rotor yoke 5A are mag- 
netized by a predetermined voltage and a predeter- 
mined current supplied to one phase, two phases, or 
three phases of the stator winding. Thus, the opposing 
sets of magnet constituents are magnetized into the sets 
of permanent magnets 31 carrying opposite magnetic 
polarities. To be more specific, the rotor 5 includes op- 
posing sets of permanent magnets 31 magnetized to 
have opposite magnetic polarities, namely, three per- 
manent magnets 31 SA, 31 SB, and 31 SC on the right 
side and three permanent magnets 31 NA, 31 NB, and 
31 NC on the left side. 

[0132] Another example of the rotor 5 is shown in Fig. 

45. In this case, the rotor yoke 5A is provided with eight 
magnet constituents. The eight magnet constituents are 
individually embedded in slots 44 vertically formed in the 
rotor yoke 5A such that they penetrate the rotor yoke 
5A. The magnet constituents are arranged inside the 
squirrel-cage secondary conductor 5B such that two 
sets, each set consisting of four magnet constituents, 
oppose each other, sandwiching the rotating shaft 6 
therebetween, and are shaped like an octagon. The 
magnet constituents are formed of a rare earth type or 
ferrite material, as previously mentioned. 

[0133] The unmagnetized magnet constituents fixed 
in the slots 44 provided in the rotor yoke 5A are mag- 
netized by a predetermined voltage and a predeter- 
mined current supplied to one phase, two phases, or 
three phases of the stator winding. Thus, the opposing 
sets of magnet constituents are magnetized into the sets 
of permanent magnets 31 carrying opposite magnetic 
polarities. To be more specific, the rotor 5 includes op- 
posing sets of permanent magnets 31 magnetized to 
have opposite magnetic polarities, namely, four perma- 
nent magnets 31 SA, 31 SB, 31 SC, and 31 SD on the right 



side and four permanent magnets 31 NA, 31 NB, 31 NC, 
and 31 ND on the left side. 

[0134] Thus, it is possible to magnetize a plurality of 
unmagnetized magnet constituents inserted in the rotor 

5 5 either at once or in a plurality of number of times. This 
arrangement makes it possible to energize either one 
phase or two phases of windings to effect the magniti- 
zation if a winding or the like deforms due to heat gen- 
erated during magnitization. Even if windings are notde- 

10 formed by heat generated during magnitization, either 
one phase or two phases of windings may be selected 
and energized to magnetize at once. This makes it pos- 
sible to efficiently magnetize a plurality of unmagnetized 
magnet constituents inserted in the rotor 5, leading to 

'5 dramatically improved productivity of the synchronous 
induction motor 2. 

[0135] An air conditioner or an electric refrigerator or 
the like requires large motion torque at the time of start- 
up, so that it incorporates a motor that provides larger 

20 motion torque than steady motion torque required for 
normal operation. Increasing the motion torque for start- 
ing a synchronous induction motor inevitably increases 
power consumed during normal operation. Therefore, 
the motion torque for starting the motor used in a her- 

25 metic electric compressor constituting a refrigerating cy- 
cle of a refrigerator or an air conditioner has not been 
entirely adequate in achieving higher efficiency to meet 
recent energy regulations. For this reason, there has 
been demand for developing a drive unit for a synchro- 

30 nous induction motor that consumes less power during 
normal operation and secures sufficient motion torque 
at a start-up at the same time. 

[0136] Referring to Fig. 47 through Fig. 52, the de- 
scriptions will now be given of a drive unitfor a synchro- 
's nous induction motor that consumes less power during 
normal operation and provides high motion torque at a 
start-up. 

[01 37] Fig. 47 is an electrical circuit diagram of a drive 
unitTI of a synchronous induction motor 2 that exhibits 

40 the aforesaid features. Referring to Fig. 47, the synchro- 
nous induction motor 2 that receives power from a sin- 
gle-phase alternating current commercial power source 
AC is equipped with a stator winding 7 constructed of a 
primary winding 7A and an auxiliary winding 7B. One 

45 end of the primary winding 7A is connected to one end 
of the single-phase alternating current commercial pow- 
er source AC, and the other end thereof is connected to 
the other end of the single-phase alternating current 
commercial power source AC through the intermediary 

so of a socket terminal 51 . One end of the auxiliary winding 
7B is connected to one end of the single-phase alternat- 
ing current commercial power source AC, and the other 
end thereof is connected to the other end of the single- 
phase alternating current commercial power source AC 

55 through the intermediary of a socket terminal 51 and an 
operating capacitor 47. A power switch 49 is constituted 
by a current-sensitive type line current sensor for de- 
tecting line current and an overload relay that serves al- 
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so as a protective switch used to supply power from the 
single-phase alternating current commercial power 
source AC to the stator winding 7 and to cut off the sup- 
ply of power to the stator winding 7. The operating ca- 
pacitor 47 is set to have a capacitance suited for start- 
up and steady operation of the synchronous induction 
motor 2. 

[01 38] When the power switch 49 is turned ON to sup- 
ply power from the single-phase alternating current 
commercial power source AC, the parallel circuit of the 
operating capacitor 47 and the primary winding 7A is 
connected to the auxiliary winding 7B. By the current 
phase difference between the primary winding 7A and 
the auxiliary winding 7B S the synchronous induction mo- 
tor 2 obtains a start-up motion torque to start running. 
The synchronous induction motor 2 continues its steady 
operation from the current phase difference between the 
primary winding 7A and the auxiliary winding 7B pro- 
duced by the operating capacitor 47. In this case, the 
operating capacitor 47 serves also as a start-up capac- 
itor. 

[01 39] Fig. 48 is an electrical circuit diagram of anoth- 
er drive unit T2 for a synchronous induction motor 2. Re- 
ferring to Fig. 48, the synchronous induction motor 2 re- 
ceiving power from a single-phase alternating current 
commercial power source AC is also equipped with a 
stator winding 7 constructed of a primary winding 7A and 
an auxiliary winding 7B. The stator winding 7 is connect- 
ed to the single-phase alternating current commercial 
power source AC through the intermediary of a power 
switch 49. The primary winding 7A connected to one end 
of the single-phase alternating current commercial pow- 
er sou rce AC is connected to the other end of the single- 
phase alternating current commercial power source AC 
through the intermediary of a socket terminal 51. The 
auxiliary winding 7B connected to one end of the single- 
phase alternating current commercial power source AC 
is connected to the power switch 49 through the inter- 
mediary of the socket terminal 51 and a relay coil 45A 
of a start-up relay 45. 

[01 40] The auxiliary winding 7B is connected in series 
to the other end of the single-phase alternating current 
commercial power source AC through the intermediary 
of a socket terminal 51 , a start-up relay contact 45B of 
the start-up relay 45, and a start-up capacitor 48. The 
operating capacitor 47 is connected in parallel to the 
start-up relay contact 45B and the start-up capacitor 48. 
The operating capacitor 47 is set to provide a capaci- 
tance suited for steady operation. In a state wherein the 
operating capacitor 47 and the start-up capacitor 48 are 
connected in parallel, the capacitors 47 and 48 are set 
to capacitances suited for a start-up. Very little current 
passes the relay coil 45A at an operation start when 
large current passes through the synchronous induction 
motor 2. When the synchronous induction motor 2 
moves to its steady operation with the start-up relay con- 
tact 45B closed, current passes through the relay coil 
45A, and the start-up relay contact 45B is opened, iso- 



lating the start-up capacitor 48. 

[01 41 ] The moment the power switch 49 is turned ON, 
current flows from the single-phase alternating current 
commercial power source AC to the primary winding 7A 

5 and the auxiliary winding 7B. When largecurrent passes 
through the auxiliary winding 7B at the start-up of the 
synchronous induction motor 2, very little current pass- 
es through the relay coil 45A; therefore, the start-up re- 
lay contact 45B of the start-up relay 45 remains closed, 

10 and the auxiliary winding 7B provides start-up motion 
torque from the current phase difference from the pri- 
mary winding 7A provided by the operating capacitor 47 
and the start-up capacitor 48 connected in parallel 
thereto : thus causing the synchronous induction motor 

is 2 to start running. As the synchronous induction motor 
2 shifts to its steady operation, the current passing 
through the auxiliary winding 7B decreases, causing 
current to pass through the relay coil 45A. The magne- 
tomotive force of the relay coil 45A turns the power 

20 switch 49 OFF to isolate the start-up capacitor 48. The 
synchronous induction motor 2 continues its steady op- 
eration by the current phase difference between the pri- 
mary winding 7A and the auxiliary winding 7B produced 
by the operating capacitor 47. Alternatively, the use of 

25 the start-up relay 45 may be replaced by current control 
based on a thyristor. 

[0142] Fig. 49 is an electrical circuit diagram of anoth- 
er drive unit T3 for the synchronous induction motor 2. 
Referring to Fig. 49, the synchronous induction motor 2 

30 receiving power from a single-phase alternating current 
commercial power source AC is also equipped with a 
stator winding 7 constructed of a primary winding 7A and 
an auxiliary winding 7B. The stator winding 7 is connect- 
ed to the single-phase alternating current commercial 

35 power source AC through the intermediary of a power 
switch 49. One end of the primary winding 7A is con- 
nected to one end of the single-phase alternating cur- 
rent commercial power source AC, and the other end 
thereof is connected to the otherend of the single-phase 

40 alternating current commercial power source AC. One 
end of the auxiliary winding 7B is connected to one end 
of the single-phase alternating current commercial pow- 
er source AC, and the other end thereof is connected to 
the other end of the single-phase alternating current 

45 commercial power source AC through the intermediary 
of a positive thermistor 46 (hereinafter referred to as 
"PTC). An operating capacitor 47 is connected in paral- 
lel to the PTC 46. The PTC 46 is a semiconductor device 
whose resistance value increases with increasing tem- 

50 perature. The resistance value of the PTC 46 is low 
when the synchronous induction motor 2 is started, but 
it increases as the PTC 46 generates heat due to the 
passage of current. 

[0143] The moment the power switch 49 is turned ON, 
55 current flows from the single-phase alternating current 
commercial power source AC to the primary winding 7A 
and the auxiliary winding 7B, causing the synchronous 
induction motor 2 to start up. When the synchronous in- 
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duction motor 2 is started up, the temperature of the 
PTC 46 is low and its resistance value is low; therefore, 
large current passes through the PTC 46, and large cur- 
rent accordingly passes through the auxiliary winding 
7B (the current passing through the operating capacitor 
47 being small). This energization causes the PTC 46 
to start self-heating, and the resistance value of the PTC 

46 increases accordingly until very little current passes 
through the PTC 46 itself. Thus, the synchronous induc- 
tion motor 2 continues steady operation from the current 
phase difference between the primary winding 7A and 
the auxiliary winding 7B by the operating capacitor 47. 
[0144] Fig. 50 is an electrical circuit diagram of anoth- 
er drive unit T4 for the synchronous induction motor 2. 
The construction of the drive unit T4 is the same as that 
shown in Fig. 9. The construction will be explained again 
in detail. The synchronous induction motor 2 receiving 
power from a single-phase alternating current commer- 
cial power source AC is also equipped with a stator 
winding 7 constructed of a primary winding 7A and an 
auxiliary winding 73. The stator winding 7 is connected 
to the single-phase alternating current commercial pow- 
ersource AC through the intermediary of a powerswitch 
49. One end of the primary winding 7A is connected to 
one end of the single-phase alternating current commer- 
cial power source AC, and the other end thereof is con- 
nected to the other end of the single-phase alternating 
current commercial power source AC. One end of the 
auxiliary winding 7B is connected to one end of the sin- 
gle-phase alternating current commercial power source 
AC, and the other end thereof is connected in series to 
the other end of the single-phase alternating current 
commercial power source AC through the intermediary 
of a PTC 46 and a start-up capacitor 48. An operating 
capacitor 47 is connected in parallel to the PTC 46 and 
the start-up capacitor 48. 

[0145] When the power switch 49 is closed, current 
flows from the single-phase alternating current commer- 
cial power source AC to the primary winding 7A and the 
auxiliary winding 7B. When the synchronous induction 
motor 2 is started up, the temperature of the PTC 46 is 
low and the resistance value thereof is also low, so that 
large current passes through the PTC 46 and large cur- 
rent accordingly passes through the auxiliary winding 
7B. The auxiliary winding 7B obtains start-up torque 
from the current phase difference between itself and the 
primary winding 7A produced by the operating capacitor 

47 and the start-up capacitor 48 connected in parallel, 
thus causing the synchronous induction motor 2 to start 
running. This energization causes the PTC 46 to start 
self-heating, and the resistance value of the PTC 46 in- 
creases accordingly until very little current passes 
through the PTC 46 itself. Thus, the start-up capacitor 

48 is isolated, and the synchronous induction motor 2 
continues steady operation from the current phase dif- 
ference between the primary winding 7A and the auxil- 
iary winding 7B by the operating capacitor 47. 
[0146] Fig. 51 shows the relationship between rotat- 



ing torque T provided by the electric circuit of each of 
the drive units T1 , T2 P T3. and T4 set forth above, and 
a number of revolutions n. In the chart, the axis of ordi- 
nates indicates a rotating torque T, the rotating torque T 
5 is the smallest at the bottom, and is higher at a higher 
level. The axis of abscissa indicates the number of rev- 
olutions n, the left end thereof being the smallest 
number of revolutions n, while the right end being the 
largest number of revolutions n. The two-dot chain curve 
10 denotes the rotating torque T in relation to the number 
of revolutions n of the drive unit T1 , and the solid-line 
curve denotes the rotating torque T in relation to the 
number of revolutions n of the drive unitT3. The dashed 
line curve denotes the rotating torque T in relation to the 
15 number of revolutions n of the drive unit T4, and the one- 
dot chain curve denotes the rotating torque T in relation 
to the number of revolutions n of the drive unit T2. 
[0147] As can be seen from the chart, the drive unit 
T1 having a single capacitor that serves as the starting 
capacitor 48 and the operating capacitor 47 exhibits low 
start-up operating torque and low steady operating 
torque. The drive unit T1, however, obviates the need 
for the start-up relay 45 and other elements, so that it is 
used with an air conditioner or other equipment, such 
as an electric refrigerator that has relatively low start- 
up operating torque and steady operating torque. 
[0148] The drive unit T2 that switches between the 
start-up capacitor 48 and the operating capacitor 47 by 
the start-up relay 45 provides higher start-up operating 
torque. As the number of revolutions n of the synchro- 
nous induction motor 2 increases, leading to the shift to 
the steady operation mode, current passes through the 
relay coil 45A, causing the start-up relay contact 45B to 
open thereby to isolate the start-up capacitor 48. There- 
after, the drive unit T2 performs the same operation as 
that of the drive unitT3 at the rotating torque Tin relation 
to the number of revolutions n. Thus, the operating 
torque for starting up the synchronous induction motor 
2 can be increased, while the power consumed during 
the steady operation can be reduced, permitting the syn- 
chronous induction motor 2 to be operated at extremely 
high efficiency. The drive unit T2 provides higher oper- 
ating torque for start-up and higher operating torque for 
steady operation, so it is used with an air conditioner or 
other equipment, such as an electric refrigerator, that 
has relatively high start-up operating torque and steady 
operating torque. 

[0149] The drive unit T3 that uses the PTC 46, which 
is a semiconductor device whose resistance value in- 
creases with increasing temperature, and the operating 
capacitor 47 provides a higher start-up rotating torque 
than the drive unit T1 . The drive unit T3 obviates the 
need for the start-up relay 45 and other devices, and 
secures higher reliability. This makes it possible to allow 
a higher operating torque to be obtained at the start-up 
of the synchronous induction motor 2, and to reduce the 
power consumed during normal operation, thus ena- 
bling the synchronous induction motor 2 to be operated 
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with extremely high efficiency. The drive unit T3 : there- 
fore, is used with an air conditioner or other equipment, 
such as an electric refrigerator, that has relatively low 
start-up operating torque and steady operating torque 
and is required to exhibit high reliability. 
[0150] The drive unit T4 that uses the PTC 46, which 
is a semiconductor device whose resistance value in- 
creases with increasing temperature, the start-up ca- 
pacitor 48, and the operating capacitor 47 provides a 
still higher start-up rotating torque T than the drive unit 
T3, permitting even higher reliability to be achieved. This 
makes it possible to allow a higher operating torque to 
be obtained at the start-up of the synchronous induction 
motor 2, and to reduce the power consumed during nor- 
mal operation, thus enabling the synchronous induction 
motor 2 to be operated with extremely high efficiency. 
The drive unit T4, therefore, is used with an air condi- 
tioner or other equipment, such as an electric refrigera- 
tor, that has relatively high start-up operating torque and 
steady operating torque and is required to exhibit high 
reliability. 

[0151] Fig. 52 is a refrigerant circuit of an air condi- 
tioner or other equipment, such as an electric refrigera- 
tor, that uses a hermetic electric compressor C incorpo- 
rating a synchronous induction motor 2. The refrigerant 
circuit has added a liquid injection circuit 58 to the re- 
frigerant circuit shown in Fig. 8. A receiver tank 29 pro- 
vided in the refrigerant circuit is connected to a com- 
pressor 3 of the hermetic electric compressor C through 
the intermediary of a strainer 52, a solenoid valve 53, 
and a capillary tube 54. 

[0152] The solenoid valve 53 is connected to a ther- 
mosensor 57 connected to a pipe 27 located at the dis- 
charge end of the compressor 3, and the opening de- 
gree thereof is automatically adjusted according to the 
temperature detected by the thermosensor 57. When 
the compressor 3 of the hermetic electric compressor C 
is driven, the refrigerant sealed in the refrigerant circuit 
is drawn in through a suction pipe 23 and compressed 
in steps by a first rotary cylinder 9 and a second rotary 
cylinder 10, then discharged into the pipe 27 through a 
discharge pipe 22. The compressed gas refrigerant dis- 
charged into the pipe 27 flows into a condenser 28 
wherein it radiates heat and condenses into a liquid re- 
frigerant which flows into the receiver tank 29. A part of 
the liquid refrigerant leaving the receiver tank 29 flows 
also into the liquid injection circuit 58 and further passes 
through the strainer 52 and the solenoid valve 53 to 
reach the capillary tube 54 wherein it is throttled before 
being discharged into a compressor 3. The liquid refrig- 
erant discharged into the compressor 3 evaporates 
therein when it absorbs heat so as to cool the compres- 
sor 3. This restrains a temperature rise in the compres- 
sor 3 in a cooling operation mode thereby to protect the 
compressor 3. The rest of the operation is the same as 
previously described. 

[0153] Hitherto; the stator winding constituting the 
synchronous induction motor of this type of hermetic 



electric compressor is thermally protected primarily by 
actuating a thermostat wrapped around the stator wind- 
ing to cut off the supply of power to the synchronous 
induction motor. Alternatively, a temperature sensor is 

5 attached to the discharge pipe or the suction pipe of the 
hermetic electric compressor or to the outer surface of 
the hermetic vessel, and if the temperature of the her- 
metic electric compressor reaches a preset value or 
more, a protective switch is actuated by the temperature 

10 sensor to cut off the supply of power to the synchronous 
induction motor so as to protect the hermetic electric 
compressor. 

[0154] In a conventional hermetic electric compres- 
sor, if the temperature of the stator winding rises due to 

*5 an overloaded operation, in order to protect the stator 
winding of the synchronous induction motor from being 
burnt, the thermostat wrapped around the stator winding 
is actuated to cut off the supply of power to the synchro- 
nous induction motor. Alternatively, an expensive circuit 

20 device using a thermistor or the like is installed on the 
discharge pipe, and if a discharge temperature reaches 
a reference level or more, then the supply of power to 
the synchronous induction motor is cut off thereby to 
protect the synchronous induction motor from abnormal 

25 temperatures. In this case, the difference between the 
actual temperature of the stator winding and the dis- 
charge temperature greatly varies according to load 
conditions, etc. Hence, there has been a problem in that 
the operation of the synchronous induction motor is ac- 

30 tually continued while the temperature of the stator 
winding is higher than the reference level, leading to a 
markedly shortened service life of the synchronous in- 
duction motor. There has been another problem in that 
the stator winding is burnt. 

35 [0155] There has been still another problem in that a 
rise in the temperature of the synchronous induction mo- 
tor causes the permanent magnets embedded in the ro- 
tor yoke to be thermally demagnetized, resulting in re- 
duced driving power of the synchronous induction mo- 

40 tor. 

[0156] Referring now to Fig. 53 through Fig. 66, a her- 
metic electric compressor capable of restraining a rise 
in temperature of the stator winding and of securely pre- 
venting permanent magnets from being thermally de- 

45 magnetized will be described. 

[0157] In this case, a hermetic vessel 1 of a hermetic 
electric compressor C is divided into two parts, namely, 
a cylindrical shell 1 A having an open upper end and an 
end cap 1 B that closes the open upper end. An electric 

so unit and a compression unit (hereinafter referred to as 
"the synchronous induction motor 2" and "the compres- 
sor 3") are housed in the shell 1 A, the end cap 1 B is 
attached to the shell 1 A so as to cover the shell 1 A, then 
they are sealed by high-frequency welding or the like. 

55 [0158] The hermetic electric compressor C is provid- 
ed with a thermistor 46 serving as a thermal protective 
device whose resistance value changes with tempera- 
ture. The thermistor 46 is attached to a stator winding 7 
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provided in the hermetic vessel 1 of the hermetic electric 
compressor C. The thermistor46 is secured to the stator 
winding 7 by a polyester yarn 70 binding the coil end of 
the stator winding 7. Furthermore, the thermistor 46 is 
connected to a connection terminal 71 provided on the 
end cap 1 B of the hermetic vessel 1 by a lead wire 72, 
as shown in Fig. 53. 

[0159] Fig. 54 is an electrical circuit diagram of the 
synchronous induction motor 2 in this embodiment. Re- 
ferring to Fig. 54, the synchronous induction motor 2, 
which receives power from a single-phase alternating 
current commercial power source AC, is equipped with 
a stator winding 7 formed of a primary winding 7A and 
an auxiliary winding 7B. One end of the primary winding 
7A is connected to one end of the single-phase alternat- 
ing current commercial power source AC, and the other 
end thereof is connected to the other end of the power 
source AC. One end of the auxiliary winding 7B is con- 
nected to one end of the single-phase alternating cur- 
rent commercial power source AC, and the other end 
thereof is connected to the other end of the power 
source AC through the intermediary of an operating ca- 
pacitor 47. 

[0160] One end of the auxiliary winding 7B is connect- 
ed to the other end of the single-phase alternating cur- 
rent commercial power source AC through the interme- 
diary of a contact 61 B of a start-up relay 61 and start- 
up capacitors 48 and 48. These contact 61 B and the 
start-up capacitors 48 and 48 are connected in series, 
and the operating capacitor 47 is connected in parallel 
to the contact 61 B and the start-up capacitors 48 and 
48. The operating capacitor 47 is set to a capacitance 
suited for steady operation. In the state wherein the op- 
erating capacitor 47 and the start-up capacitors 48 and 
48 are connected in parallel, the capacitors 47, 48, and 
48 are set to capacitances suited for start-up. Reference 
numerals 48A and 48A denote discharge resistors for 
discharging currents charged in the start-up capacitors 
48 and 48, reference numeral 61 A denotes a start-up 
relay coil, and reference character PSW denotes a pow- 
er switch. 

[01 61 ] A control relay 49 is provided that is connected 
between the power switch PSW and the stator winding 
7 and provided with a control relay contact 49B to supply 
power from the single-phase alternating current com- 
mercial power source AC to the stator winding 7 and to 
cut off the supply of power to the stator winding 7. A 
controller 62 controls the supply of power to the syn- 
chronous induction motor 2 according to a change in the 
resistance value of the thermistor 46. The controller 62 
is connected to the thermistor 46 secured to the stator 
winding 7 and also connected to a control relay coil 49A 
of the control relay 49. Connected to the controller 62 is 
a current-sensitive line current detector 63 that is con- 
nected to one end of the single-phase alternating cur- 
rent commercial power source AC and that functions as 
an overload protective device for detecting line current. 
[01 62] When the power switch PSW is turned ON with 



the control relay contact 49B closed, current is supplied 
from the single-phase alternating current commercial 
power source AC to the primary winding 7A and the aux- 
iliary winding 7B. At the start-up of the synchronous in- 
5 duction motor 2, current passes through a start relay coil 
61 A : causing the contact 61 B to close. The auxiliary 
winding 7B obtains start-up torque from the current 
phase difference between itself and the primary winding 
7A produced by the operating capacitor 47 and the start- 
10 up capacitors 48 and 48 connected in parallel, thus 
causing the synchronous induction motor 2 to start run- 
ning. After the synchronous induction motor 2 is ener- 
gized and starts running, the contact 61 B opens after a 
while to isolate the start-up capacitors 48 and 48, and 
'5 the synchronous induction motor 2 continues steady op- 
eration from the current phase difference between the 
primary winding 7A and the auxiliary winding 7B pro- 
duced by the operating capacitor 47. The running syn- 
chronous induction motor 2 operates the hermetic elec- 
tric compressor C, thus enabling an air conditioner to 
effect air conditioning in the room wherein the air con- 
ditioner is installed, or enabling the refrigerator to effect 
cooling therein. 

[01 63] As the hermetic electric compressor C is oper- 
ated, the temperature of the compressor 3 rises and the 
compressor 3 becomes hot. As the compressor 3 be- 
comes hot, the temperature of the stator winding 7 rises 
accordingly. This causes the resistance value of the 
thermistor 46 to change, and the temperature rise in the 
stator winding 7 is detected. If the detected temperature 
is higher than a preset temperature level, then the con- 
troller 62 detects that the temperature of the stator wind- 
ing 7 is higher than the preset level, and passes current 
through the control relay coil 49A to open the control 
relay contact 49B thereby to cut off the supply of power 
to the stator winding 7. With this arrangement, the sup- 
ply of power to the stator winding 7 can be interrupted 
before the stator winding 7 generates abnormal heat 
while the hermetic electric compressor C is in operation, 
thus making it possible to securely restrain damage to 
the stator winding 7 and the thermal demagnetization of 
the permanent magnets 31 . The controller 62 causes 
current to the control relay coil 49A to open the control 
relay contact 49B so as to interrupt the supply of power 
to the stator winding 7 if it detects that the temperature 
of the stator winding 7 is higher than a preset tempera- 
ture. Alternatively, however, the controller 62 may con- 
trol the supply of power to the synchronous induction 
motor 2 to reduce the number of revolutions thereof or 
to shut off the supply of power to the synchronous in- 
duction motor 2 if the temperature of the hermetic elec- 
tric compressor C rises and exceeds a preset tempera- 
ture level. 

[0164] Furthermore, if large current flows into the sta- 
tor winding 7 due to overloaded operation of the hermet- 
ic electric compressor C, the line current detector 63 de- 
tects the large current flow. If the detected current is 
larger than a preset current level, then the controller 62 
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detects the large current flow into the stator winding 7, 
and passes current through the control relay coil 49A to 
open the control relay contact 49B so as to cut off the 
supply of power to the stator winding 7. With this ar- 
rangement, the supply of power to the stator winding 7 
can be interrupted so as to protect the synchronous in- 
duction motor 2 before an overloaded operation of the 
hermetic electric compressor C is continued, which 
would lead to damage to the hermetic electric compres- 
sor C. The controller 62 shuts off the supply of power to 
the stator winding 7 to protect the synchronous induction 
motor 2 in response to a signal issued by the thermistor 
46 or the line current detector 63, whichever issued the 
detection signal first. 

[0165] Fig. 55 is a longitudinal sectional side view of 
a part of another hermetic electric compressor C (the 
part being in the vicinity of an end cap 1 B). The hermetic 
electric compressor C shown in Fig. 55 is equipped with 
a bimetal switch 64 as a thermal protector that opens 
and closes a contact at a predetermined temperature. 
The bimetal switch 64 is secured to the stator winding 
7 by a polyester yarn 70 for binding a coil end of the 
stator winding 7. The bimetal switch 64 is connected be- 
tween a hermetic terminal 25 provided on the end cap 
1B of the hermetic vessel 1 and the stator winding 7, 
and it cuts off the supply of power from the single-phase 
alternating current commercial power source AC to the 
stator winding 7 by opening the contact 61 B if the tem- 
perature of the stator winding 7 exceeds a predeter- 
mined temperature level. 

[0166] Fig. 56 is an electrical circuit diagram of the 
synchronous induction motor 2 of the hermetic electric 
compressor C shown in Fig. 55. Referring to Fig. 56, the 
synchronous induction motor 2, which receives power 
from a single-phase alternating current commercial 
power source AC through the intermediary of the bimet- 
al switch 64, is equipped with a stator winding 7 formed 
of a primary winding 7A and an auxiliary winding 7B. 
One end of the primary winding 7A is connected to one 
end of the single-phase alternating current commercial 
power source AC, and the other end thereof is connect- 
ed to the other end of the power source AC. One end of 
the auxiliary winding 7B is connected to one end of the 
single-phase alternating current commercial power 
source AC, and the other end thereof is connected to 
the other end of the power source AC through the inter- 
mediary of an operating capacitor 47. 
[01 67] One end of the auxiliary winding 7B is also con- 
nected to the other end of the single-phase alternating 
current commercial power source AC through the inter- 
mediary of a contact 61 B of a start-up relay 61 and start- 
up capacitors 48 and 48. These contact 61 B and the 
start-up capacitors 48 and 48 are connected in series, 
and the operating capacitor 47 is connected in parallel 
to the contact 61 B and the start-up capacitors 48 and 
48. The operating capacitor 47 is set to a capacitance 
suited for steady operation. In the state wherein the op- 
erating capacitor 47 and the start-up capacitors 48 and 



48 are connected in parallel, the capacitors 47, 48 : and 
48 are set to capacitances suited for start-up. Reference 
numerals 48A and 48A denote discharge resistors for 
discharging currents charged in the start-up capacitors 
5 48 and 48, and reference numeral 61 A denotes a start- 
up relay coil. 

[0168] When the power switch PSW is turned ON, 
current is supplied from the single-phase alternating 
current commercial power source AC to the primary 

10 winding 7A and the auxiliary winding 7B. At the start-up 
of the synchronous induction motor 2, current passes 
through the start relay coil 61 A, causing the contact 61 B 
to close. The auxiliary winding 7B obtains start-up 
torque from the current phase difference between itself 

is and the primary winding 7A produced by the operating 
capacitor 47 and the start-up capacitors 48 and 48 con- 
nected in parallel, thus causing the synchronous induc- 
tion motor 2 to start running. After the synchronous in- 
duction motor2 is energized and starts running, thecon- 

20 tact 61 B opens after a while to isolate the start-up ca- 
pacitors 48 and 48, and the synchronous induction mo- 
tor 2 continues steady operation from the current phase 
difference between the primary winding 7A and the aux- 
iliary winding 7B produced by the operating capacitor 

25 47. The running synchronous induction motor 2 oper- 
ates the hermetic electric compressor C, thus enabling 
an air conditioner to effect air conditioning in the room 
wherein the air conditioner is installed, orthe refrigerator 
to effect cooling therein. 

30 [01 69] As the hermetic electric compressor C is oper- 
ated, the temperature of the compressor 3 rises and the 
compressor 3 becomes hot. As the compressor 3 be- 
comes hot, the temperature of the stator winding 7 rises 
accordingly. The bimetal switch 64 detects the temper- 

35 ature of the stator winding 7. If the detected temperature 
is higher than a preset temperature level, then the bi- 
metal switch 64 opens the contact to interrupt the supply 
of power to the stator winding 7. With this arrangement, 
the supply of power to the stator winding 7 can be inter- 

40 rupted before the stator winding 7 generates abnormal 
heat while the hermetic electric compressor C is in op- 
eration, thus making it possible to securely restrain dam- 
age to the stator winding 7 and the thermal demagneti- 
zation of the permanent magnets 31 and to protect the 

45 hermetic electric compressor C from damage due to ab- 
normal heat generation. 

[0170] Fig. 57 is a longitudinal sectional side view of 
a part of another hermetic electric compressor C (the 
part being in the vicinity of an end cap 1 B). The hermetic 

so electric compressor C shown in Fig. 57 is equipped with 
a bimetal switch 64 as a thermal protector that opens 
and closes a contact at a predetermined temperature, 
as mentioned above. The bimetal switch 64 is directly 
connected to a hermetic terminal 25 that extends into a 

55 hermetic vessel 1 . The bimetal switch 64 is connected 
between the hermetic terminal 25 provided on the end 
cap 1 B of the hermetic vessel 1 and the stator winding 
7, and it cuts off the supply of power from the single- 
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phase alternating current commercial power source AC 
to the stator winding 7 by opening the contact if the tem- 
perature in the hermetic vessel 1 exceeds a predeter- 
mined temperature level. The electrical circuit diagram 
of the hermetic electric compressor C is the same as 5 
that shown in Fig. 56. 

[0171] When the power switch PSW is turned ON, 
current is supplied from the single-phase alternating 
current commercial power source AC to the primary 
winding 7A and the auxiliary winding 7B. At the start-up 10 
of the synchronous induction motor 2, current passes 
through the start relay coil 61 A, causing the contact 61 B 
to close. The auxiliary winding 7B obtains start-up 
torque from the current phase difference between itself 
and the primary winding 7A produced by the operating 15 
capacitor 47 and the start-up capacitors 48 and 48 con- 
nected in parallel thus causing the synchronous induc- 
tion motor 2 to start running. After the synchronous in- 
duction motor 2 is energized and starts running, the con- 
tact 61 B opens after a while to isolate the start-up ca- 20 
pacitors 48 and 48, and the synchronous induction mo- 
tor 2 continues steady operation from the current phase 
difference between the primary winding 7A and the aux- 
iliary winding 7B produced by the operating capacitor 
47. The running synchronous induction motor 2 oper- 25 
ates the hermetic electric compressor C, thus enabling 
an air conditioner to effect air conditioning in the room 
wherein the air conditioner is installed, or the refrigerator 
to effect cooling therein. 

[01 72] As the hermetic electric compressor C is oper- 30 
ated, the temperature of the compressor 3 rises and be- 
comes hot. As the compressor 3 becomes hot, the tem- 
perature of the stator winding 7 rises, and the tempera- 
ture inside the end cap 1 B also rises accordingly. As the 
temperature inside the end cap 1B rises, the bimetal 35 
switch 64 detects the temperature. If the detected tem- 
perature inside the end cap 1B is higher than a preset 
temperature level, then the contact is opened to inter- 
rupt the supply of power to the stator winding 7. With 
this arrangement, the supply of power to the stator wind- *o 
ing 7 can be interrupted before the stator 4 or the stator 
winding 7 generates abnormal heat while the hermetic 
electric compressor C is in operation, thus making it pos- 
sible to securely restrain damage to the stator winding 
7 and the thermal demagnetization of the permanent 4s 
magnets 31 and to protect the hermetic electric com- 
pressor C from damage due to abnormal heat genera- 
tion. 

[0173] Fig. 58 is a longitudinal sectional side view of 
a part of yet another hermetic electric compressor C (the so 
part being in the vicinity of an end cap 1 B). The hermetic 
electric compressor C shown in Fig. 58 is equipped with 
a thermostat 65 as a thermal protector that opens and 
closes a contact at a predetermined temperature. The 
thermostat 65 is connected to a connecting terminal 71 ss 
provided on the end cap 1 B of a hermetic vessel 1 by a 
lead wire 72, and it cuts off the supply of power from the 
single-phase alternating current commercial power 



source AC to the stator winding 7 by opening the contact 
if the temperature in the hermetic vessel 1 exceeds a 
predetermined temperature level. 
[0174] Fig. 59 shows an electrical circuit diagram of 
the synchronous induction motor 2 of the hermetic elec- 
tric compressor C shown in Fig. 58. Referring to Fig. 59, 
reference numeral 65 denotes the thermostat. The rest 
of Fig. 59 is the same as Fig. 54. When a power switch 
PSW is turned ON with a control relay contact 49B 
closed, current is supplied from the single-phase alter- 
nating current commercial power source AC to the pri- 
mary winding 7A and the auxiliary winding 7B. At the 
start-up of the synchronous induction motor 2, current 
passes through a start relay coil 61 A, causing the con- 
tact 61 B to close. The auxiliary winding 7B obtains start- 
up torque from the current phase difference between it- 
self and the primary winding 7A produced by the oper- 
ating capacitor 47 and the start-up capacitors 48 and 48 
connected in parallel thereto, thus causing the synchro- 
nous induction motor 2 to start running. After the syn- 
chronous induction motor 2 is energized and starts run- 
ning, the contact 61 B opens after a while to isolate the 
start-up capacitors 48 and 48, and the synchronous in- 
duction motor 2 continues steady operation from the 
current phase difference between the primary winding 
7A and the auxiliary winding 7B produced by the oper- 
ating capacitor 47. The running synchronous induction 
motor 2 operates the hermetic electric compressor C, 
thus enabling an air conditioner to effect air conditioning 
in the room wherein the air conditioner is installed, or 
enabling the refrigerator to effect cooling therein. 
[01 75] As the hermetic electric compressor C is oper- 
ated, the temperature of the compressors rises and the 
compressor 3 becomes hot. As the compressor 3 be- 
comes hot, the temperature inside the end cap 1 B also 
rises. This causes the thermostat 65 to detect the tem- 
perature inside the end cap 1 B, and if the detected tem- 
perature is higher than a preset temperature level, the 
contact thereof is closed. The moment the contact of the 
thermostat 65 is closed, the controller 62 causes current 
to pass through the control relay coil 49A to open the 
control relay contact 49B thereby to cut off the supply of 
power to the stator winding 7. With this arrangement, 
the supply of power to the stator winding 7 can be inter- 
rupted before abnormal heat is generated inside the end 
cap 1B while the hermetic electric compressor C is in 
operation, thus making it possible to securely restrain 
damage to the stator winding 7 and the thermal demag- 
netization of the permanent magnets 31 . 
[01 76] Furthermore, if large current flows into the sta- 
tor winding 7 due to overloaded operation of the hermet- 
ic electric compressor C, the line current detector 63 de- 
tects the large current flow. If the detected current is 
larger than a preset current level, then the controller 62 
detects the large current flow into the stator winding 7, 
and passes current through the control relay coil 49A to 
open the control relay contact 49B to cut off the supply 
of power to the stator winding 7. With this arrangement, 
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the supply of power to the stator winding 7 can be inter- 
rupted so as to protect the synchronous induction motor 
2 before an overloaded operation of the hermetic elec- 
tric compressor C is continued, which would lead to 
damage to the hermetic electric compressor C. The con- 
troller 62 shuts off the supply of power to the stator wind- 
ing 7 to protect the synchronous induction motor 2 in 
response to a signal issued by the thermostat 65 or the 
line current detector 63, whichever issued the detection 
signal first. 

[0177] Fig. 60 is a longitudinal sectional side view of 
a part of a further hermetic electric compressor C (the 
part being in the vicinity of an end cap 1 B). The hermetic 
electric compressor C shown in Fig. 60 is provided with 
a thermostat 65 whose resistance value changes with 
temperature. The thermostat 65 is secured to the stator 
winding 7 by a polyester yarn 70 for binding a coil end 
of the stator winding 7. The thermostat 65 is connected, 
by a lead wire 72 : also to a connecting terminal 71 pro- 
vided on the end cap 1 B of the hermetic vessel 1 . 
[0178] Fig. 61 is an electrical circuit diagram of the 
synchronous induction motor 2 of the hermetic electric 
compressor C shown in Fig. 60. Referring to Fig. 61 , the 
synchronous induction motor 2, which receives power 
from a single-phase alternating current commercial 
power source AC is equipped with a stator winding 7 
formed of a primary winding 7A and an auxiliary winding 
7B. One end of the primary winding 7A is connected to 
one end of the single-phase alternating current commer- 
cial power source AC, and the other end thereof is con- 
nected to the other end of the power source AC. One 
end of the auxiliary winding 7B is connected to one end 
of the single-phase alternating current commercial pow- 
er source AC, and the other end thereof is connected to 
the other end of the power source AC through the inter- 
mediary of an operating capacitor 47. 
[01 79] One end of the auxiliary winding 7B is also con- 
nected to the other end of the single-phase alternating 
current commercial power source AC through the inter- 
mediary of a contact 61 B of a start-up relay 61 and start- 
up capacitors 48 and 48. These contact 61 B and the 
start-up capacitors 48 and 48 are connected in series, 
and the operating capacitor 47 is connected in parallel 
to the contact 61 B and the start-up capacitors 48 and 
48. The operating capacitor 47 is set to a capacitance 
suited for steady operation. In the state wherein the op- 
erating capacitor 47 and the start-up capacitors 48 and 
48 are connected in parallel, the capacitors 47, 48, and 
48 are set to capacitances suited for start-up. Reference 
numerals 48A and 48A denote discharge resistors for 
discharging currents charged in the start-up capacitors 
48 and 48, reference numeral 61 A denotes a start-up 
relay coil, and PSW denotes a power switch. 
[01 80] A control relay 49 is provided that is connected 
between the power switch PSW and the stator winding 
7 and that serves also as a protective switch for supply- 
ing power from the single-phase alternating current 
commercial power source AC to the stator winding 7 and 



50 

to cut off the supply of power to the stator winding 7. 
One end of the thermostat 65 secured to the stator wind- 
ing 7 is connected to one end of the single-phase alter- 
nating current commercial power source AC through the 

5 intermediary of a relay coil 49A of the control relay 49 
and an overload switch 73 functioning as an overload 
protector. The other end of the thermostat 65 is connect- 
ed to the other end of the single-phase alternating cur- 
rent commercial power source AC. Reference numeral 

10 49B denotes switch contacts that cause current to pass 
through a control relay coil 49A so as to open the control 
relay 49 if a predetermined overload current flows into 
the overload switch 73. 

[01 81 ] When the power switch PSW is turned ON with 
15 the control relay contact 49B closed, current is supplied 
from the single-phase alternating current commercial 
power source AC to the primary winding 7A and the aux- 
iliary winding 7B through the intermediary of an overload 
switch 73 and the control relay contact 49B. At the start- 
20 up of the synchronous induction motor 2, current passes 
through a start relay coil 61 A, causing the contact 61 B 
to close. The auxiliary winding 7B obtains start-up 
torque from the current phase difference between itself 
and the primary winding 7A produced by the operating 
25 capacitor 47 and the start-up capacitors 48 and 48 con- 
nected in parallel, thus causing the synchronous induc- 
tion motor 2 to start running. After the synchronous in- 
duction motor 2 is energized and starts running, the con- 
tact 61 B opens after a while to isolate the start-up ca- 
30 pacitors 48 and 48, and the synchronous induction mo- 
tor 2 continues steady operation from the current phase 
difference between the primary winding 7A and the aux- 
iliary winding 7B produced by the operating capacitor 
47. The running synchronous induction motor 2 oper- 
35 ates the hermetic electric compressor C, thus enabling 
an air conditioner to effect air conditioning in the room 
wherein the air conditioner is installed, or enabling the 
refrigerator to effect cooling therein. 
[01 82] As the hermetic electric compressor C is oper- 
40 ated, the temperature of the compressor 3 rises and the 
compressor 3 becomes hot. As the compressor 3 be- 
comes hot, the temperature of the stator winding 7 rises 
accordingly. The thermostat 65 detects the temperature, 
and if the detected temperature is higher than a preset 
45 temperature level, then the contact is closed. This caus- 
es current to pass through the control relay coil 49A to 
open the control relay contacts 49B thereby to cut off 
the supply of power to the stator winding 7. With this 
arrangement, the supply of power to the stator winding 
50 7 can be interrupted before abnormal heat is generated 
inside the end cap 1 B while the hermetic electric com- 
pressor C is in operation, thus making it possible to se- 
curely restrain damage to the stator winding 7 and the 
thermal demagnetization of the permanent magnets 31 . 
55 [0183] If overload current flows into the stator winding 
7 due to overloaded operation of the hermetic electric 
compressor C, the overload switch 73 detects the over- 
load current. If the detected current exceeds a preset 
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current value, then the overload switch 73 passes cur- 
rent th rough the control relay coil 49A to open the control 
relay contacts 49B so as to cut off the supply of power 
to the stator winding 7. This makes it possible to cut off 
the supply of power to the stator winding 7 to protect the 5 
synchronous induction motor 2 before the hermetic 
electric compressor C is damaged due to an overloaded 
operation of the hermetic electric compressor C. The 
supply of power to the stator winding 7 is interrupted in 
order to protect the synchronous induction motor 2 in 
response to a signal issued by the thermostat 65 or the 
overload switch 73, whichever issued the detection sig- 
nal first. 

[0184] Fig. 62 is a longitudinal sectional side view of 
a part of still another hermetic electric compressor C (the 
part being in the vicinity of an end cap 1 B). The hermetic 
electric compressor C shown in Fig. 62 is equipped with 
an overload switch 73 as an overload protector. The 
overload switch 73 is secured to the end cap 1 B of a 
hermetic vessel 1 . More specifically, the overload switch 
73 is secured to a hermetic terminal 25 on the end sur- 
face of the hermetic vessel 1 , and opens a contact (not 
shown) to cut off the supply of power to the stator wind- 
ing 7 if a predetermined overload current passes. Ref- 
erence numeral 74 denotes a cover for protecting the 
hermetic terminal 25 and the overload switch 73, and 
reference numeral 75 denotes a nut for securing the 
cover 74. 

[0185] Fig. 63 is an electrical circuit diagram of the 
synchronous induction motor 2 of the hermetic electric 
compressor C shown in Fig. 62. Referring to Fig. 63, the 
synchronous induction motor 2, which receives power 
from a single-phase alternating current commercial 
power source AC through the intermediary of the over- 
load switch 73 is equipped with a stator winding 7 
formed of a primary winding 7A and an auxiliary winding 
7B. One end of the primary winding 7A is connected to 
one end of the single-phase alternating current commer- 
cial power source AC, and the other end thereof is con- 
nected to the other end of the power source AC. One 
end of the auxiliary winding 7B is connected to one end 
of the single-phase alternating current commercial pow- 
er source AC, and the other end thereof is connected to 
the other end of the power source AC through the inter- 
mediary of an operating capacitor 47. 
[0186] One end of the auxiliary winding 7B is also con- 
nected to the other end of the single-phase alternating 
current commercial power source AC through the inter- 
mediary of a contact 61 B of a start-up relay 61 and a 
start-up capacitor 48. These contact 61 B and the start- 
up capacitor 48 are connected in series, and the oper- 
ating capacitor 47 is connected in parallel to the contact 
61 B and the start-up capacitor 48. The operating capac- 
itor 47 is set to a capacitance suited for steady opera- 
tion. In the state wherein the operating capacitor 47 and 
the start-up capacitor 48 are connected in parallel, the 
capacitors 47 and 48 are set to capacitances suited for 
start-up. Reference numeral 48A denotes a discharge 



resistor for discharging current charged in the start-up 
capacitor 48, reference numeral 61 A denotes a start-up 
relay coil, and PSW denotes a power switch. 
[0187] When the power switch PSW is turned ON, 
current is supplied from the single-phase alternating 
current commercial power source AC to the primary 
winding 7A and the auxiliary winding 7B through the in- 
termediary of the overload switch 73. At the start-up of 
the synchronous induction motor 2, current passes 
through a start relay coil 61 A, causing the contact 61 B 
to close. The auxiliary winding 7B obtains start-up 
torque from the current phase difference from the pri- 
mary winding 7A produced by the operating capacitor 
47 and the start-up capacitor 48 connected in parallel 
thereto, thus causing the synchronous induction motor 
2 to start running. After the synchronous induction motor 
2 is energized and starts running, the contact 61 B opens 
after a while to isolate the start-up capacitor 48, and the 
synchronous induction motor 2 continues steady oper- 
ation from the current phase difference between the pri- 
mary winding 7A and the auxiliary winding 7B produced 
by the operating capacitor 47. The running synchronous 
induction motor 2 operates the hermetic electric com- 
pressor C, thus enabling an air conditioner to effect air 
conditioning in the room wherein the air conditioner is 
installed, or enabling the refrigerator to effect cooling 
therein. 

[01 88] If overload current flows into the stator winding 
7 due to overloaded operation of the hermetic electric 
compressor C, the overload switch 73 detects the over- 
load current. If the detected current exceeds a preset 
current value, then the overload switch 73 causes the 
contact to open so as to cut off the supply of power to 
the stator winding 7. More specifically, if overload cur- 
rent flows into the stator winding 7, then the overload 
switch 73 opens the contact thereby to interrupt the sup- 
ply of power from the single-phase alternating current 
commercial power source AC to the stator winding 7. 
This makes it possible to cut off the supply of power to 
the stator winding 7 to protect the synchronous induction 
motor 2 before the hermetic electric compressor C is 
damaged due to an overloaded operation of the hermet- 
ic electric compressor C. 

[0189] Fig. 64 is a longitudinal sectional side view of 
a part of still another hermetic electric compressor C (the 
part being in the vicinity of an end cap 1 B). The hermetic 
electric compressor C shown in Fig. 64 is equipped with 
a thermostat 65 functioning as an overload protector 
that opens/closes a contact at a predetermined temper- 
ature. The thermostat 65 is secured to the end cap 1 B, 
which is an outer surface of a hermetic vessel 1 . More 
specifically, the thermostat 65 is secured to the a her- 
metic terminal 25 on the end surface of the hermetic ves- 
sel 1 , and opens/closes a contact according to the tem- 
perature of the end cap 1B. Reference numeral 74 de- 
notes a cover for protecting the hermetic terminal 25 and 
the thermostat 65, and reference numeral 75 denotes a 
nut for securing the cover 74. 
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[0190] Fig. 65 is an electrical circuit diagram of the 
synchronous induction motor 2 of the hermetic electric 
compressor C shown in Fig. 64. Referring to Fig. 65, the 
synchronous induction motor 2, which receives power 
from a single-phase alternating current commercial 
power source AC through the intermediary of the over- 
load switch 73 and the thermostat 65 is equipped with 
a stator winding 7 formed of a primary winding 7A and 
an auxiliary winding 7B. One end of the primary winding 
7A is connected to one end of the single-phase alternat- 
ing current commercial power source AC, and the other 
end thereof is connected to the other end of the power 
source AC. One end of the auxiliary winding 7B is con- 
nected to one end of the single-phase alternating cur- 
rent commercial power source AC, and the other end 
thereof is connected to the other end of the power 
source AC through the intermediary of an operating ca- 
pacitor 47. 

[01 91 ] One end of the auxiliary winding 7B is also con- 
nected to the other end of the single-phase alternating 
current commercial power source AC through the inter- 
mediary of a contact 61 B of a start-up relay 61 and a 
start-up capacitor 48. These contact 61 B and the start- 
up capacitor 48 are connected in series, and the oper- 
ating capacitor 47 is connected in parallel to the contact 
61 Band the start-up capacitor 48. The operating capac- 
itor 47 is set to a capacitance suited for steady opera- 
tion. In the state wherein the operating capacitor 47 and 
the start-up capacitor 48 are connected in parallel, the 
capacitors 47 and 48 are set to capacitances suited for 
start-up. Reference numeral 48A denotes a discharge 
resistor for discharging current charged in the start-up 
capacitor 48, reference numeral 61 A denotes a start-up 
relay coil, and PSW denotes a power switch. 
[0192] When the power switch PSW is turned ON, 
current is supplied from the single-phase alternating 
current commercial power source AC to the primary 
winding 7A and the auxiliary winding 7B. At the start-up 
of the synchronous induction motor 2, current passes 
through the start relay coil 61 A, causing the contact 61 B 
to close. The auxiliary winding 7B obtains start-up 
torque from the current phase difference between itself 
and the primary winding 7A produced by the operating 
capacitor 47 and the start-up capacitor 48 connected in 
parallel thereto, thus causing the synchronous induction 
motor 2 to start running. After the synchronous induction 
motor 2 is energized and starts running, the contact 61 B 
opens after a while to isolate the start-up capacitor 48, 
and the synchronous induction motor 2 continues 
steady operation from the current phase difference be- 
tween the primary winding 7A and the auxiliary winding 
7B produced by the operating capacitor 47. The running 
synchronous induction motor 2 operates the hermetic 
electric compressor C, thus enabling an air conditioner 
to effect air conditioning in the room wherein the air con- 
ditioner is installed, or enabling the refrigerator to effect 
cooling therein. 

[01 93] As the hermetic electric compressor C is oper- 



ated, the temperature of the compressor 3 rises and the 
compressor 3 becomes hot. As the compressor 3 be- 
comes hot, the temperature of the end cap 1 B rises ac- 
cordingly. The thermostat 65 detects the temperature of 
5 the end cap 1B, and if the temperature of the end cap 
1B is higher than a preset temperature level, then the 
contact is opened. This interrupts the supply of power 
to the stator winding 7. With this arrangement, the sup- 
ply of power to the stator winding 7 can be shut off before 
10 abnormal heat is generated inside the end cap 1 B while 
the hermetic electric compressor C is in operation, thus 
making it possible to securely restrain damage to the 
stator winding 7 and the thermal demagnetization of the 
permanent magnets 31 . 
15 [0194] If overload current flows into the stator winding 
7 due to overloaded operation of the hermetic electric 
compressor C, the overload switch 73 detects the over- 
load current. If the detected current exceeds a preset 
current value, then the overload switch 73 opens the 
20 contact so as to cut off the supply of power to the stator 
winding 7. This makes it possible to cut off the supply of 
power to the stator winding 7 to protect the synchronous 
induction motor 2 before the hermetic electric compres- 
sor C is damaged due to an overloaded operation of the 
25 hermetic electric compressor C . The supply of power to 
the stator winding 7 is interrupted in order to protect the 
synchronous induction motor 2 in response to a signal 
issued by the thermostat 65 or the overload switch 73, 
whichever issued the detection signal first. 
30 [0195] Fig. 66 is an electrical circuit diagram of anoth- 
er synchronous induction motor 2 of the hermetic elec- 
tric compressor C . A thermostat 65 is secured to the out- 
er surface of the hermetic vessel 1 , as in the case of the 
compressor shown in Fig. 64. Referring to Fig. 66, the 
35 synchronous induction motor 2, which receives power 
from a single-phase alternating current commercial 
power source AC is equipped with a stator winding 7 
formed of a primary winding 7A and an auxiliary winding 
7B. One end of the primary winding 7A is connected to 
40 one end of the single-phase alternating current commer- 
cial power source AC, and the other end thereof is con- 
nected to the other end of the power source AC. One 
end of the auxiliary winding 7B is connected to one end 
of the single-phase alternating current commercial pow- 
45 er source AC, and the other end thereof is connected to 
the other end of the power source AC through the inter- 
mediary of an operating capacitor 47. The operating ca- 
pacitor 47 is set to a capacitance suited for start-up and 
steady operation of the synchronous induction motor 2. 
so [0196] A control relay 49 is provided which is connect- 
ed between the power switch PSW and the stator wind- 
ing 7 and which acts also as a protective switch for sup- 
plying power from the single-phase alternating current 
commercial power source AC to the statorwinding 7 and 
55 for cutting off the supply of power to the stator winding 
7. A controller 62 is connected to the thermostat 65 se- 
cured to the end cap 1 B and also connected to a control 
relay coil 49A of the control relay 49. Connected to the 
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controller 62 is a current-sensitive line current detector 
63 that is connected to one end of the single-phase al- 
ternating current commercial power source AC and that 
functions as an overload protector for detecting line cur- 
rent. Reference numeral 49B denotes a control relay 
contact. 

[0197] When the power switch PSW is turned ON to 
supply power from the single-phase alternating current 
commercial power source AC to the stator winding 7, a 
parallel circuit of the operating capacitor 47 and the pri- 
mary winding 7A is connected to the auxiliary winding 
7B. The auxiliary winding 7B obtains start-up operating 
torque produced by the current phase difference be- 
tween the primary winding 7A and the auxiliary winding 
7B, thus causing the synchronous induction motor 2 to 
start running. The synchronous induction motor 2 then 
shifts to the steady operation from the current phase dif- 
ference between the primary winding 7A and the auxil- 
iary winding 7B produced by the operating capacitor 47. 
In this case, the operating capacitor 47 serves also as 
a start-up capacitor. 

[01 98] As the hermetic electric compressor C is oper- 
ated, the temperature of the compressor 3 rises and the 
compressor 3 becomes hot. As the compressor 3 be- 
comes hot, the temperature of the end cap 1 B (the outer 
surface of the hermetic vessel 1 ) rises accordingly. The 
thermostat 65 detects the temperature of the outer sur- 
face of the hermetic vessel 1 . and if the detected tem- 
perature is higher than a preset temperature level, then 
the contact is closed. This causes the controller 62 to 
detect that the temperature of the outer surface of the 
hermetic vessel 1 ishigherthan the preset temperature 
and to pass current through the control relay coil 49 A to 
open the control relay contact 49B thereby to cut off the 
supply of power to the stator winding 7. With this ar- 
rangement, the supply of power to the stator winding 7 
can be interrupted before the hermetic vessel 1 devel- 
ops abnormal heat while the hermetic electric compres- 
sor C is in operation, thus making it possible to securely 
restrain damage to the stator winding 7 and the thermal 
demagnetization of the permanent magnets 31 . 
[0199] Furthermore, if large current flows into the sta- 
tor winding 7 due to an overloaded operation of the her- 
metic electric compressor C, the line current detector 63 
detects the large current flow. If the detected current is 
larger than a preset current level, then the controller 62 
passes current through the control relay coil 49A to open 
the control relay contact 49B so as to cut off the supply 
of power to the stator winding 7. With this arrangement, 
the supply of power to the stator winding 7 can be inter- 
rupted so as to protect the synchronous induction motor 
2 before an overloaded operation of the hermetic elec- 
tric compressor C is continued, which would lead to 
damage to the stator winding 7. The controller 62 shuts 
off the supply of power to the stator winding 7 to protect 
the synchronous induction motor 2 in response to a sig- 
nal issued by the thermostat 65 or the line current de- 
tector 63, whichever issued the detection signal first. 



[0200] The controller 62 incorporates a timer. The 
controller 62 is adapted to restart the supply of current 
to the synchronous induction motor 2 after waiting for 
the elapse of a predetermined delay time since the sup- 

5 ply of current to the synchronous induction motor 2 was 
cut off. This means that the controller 62 waits for the 
predetermined time counted by the timer before it re- 
starts the supply of current to the synchronous induction 
motor 2 after the supply of current to the synchronous 

10 induction motor 2 was cut off. Thus, since the predeter- 
mined delay time is allowed before the supply of power 
to the synchronous induction motor 2 is restarted after 
the power to the synchronous induction motor was cut 
off, it is possible to restrain the rotor 5 from becoming 

15 hot due to, forexample, frequent repetition of energizing 
and de-energizing of the synchronous induction motor 
2 because of a starting failure of the synchronous induc- 
tion motor 2. This arrangement make it also possible to 
restrain the demagnetization of the permanent magnets 

20 31 embedded in the rotor 5 caused by the heat gener- 
ated in the rotor 5. 

[0201] As described above, the hermetic electric com- 
pressor C is provided with the thermal protector (the 
thermistor 46, the bimetal switch 64, or the thermostat 

25 65) to cut off the supply of power to the synchronous 
induction motor 2 in response to a predetermined tem- 
perature rise. Hence, the supply of power to the stator 
winding 7 can be interrupted before the stator winding 
7 generates abnormal heat while the hermetic electric 

30 compressor C is running. This arrangement makes it 
possible to restrain the demagnetization of the perma- 
nent magnets 31 embedded in the rotor yoke 5A caused 
by a temperature rise, permitting dramatically improved 
reliability of the hermetic electric compressor C. 

35 [0202] Moreover, the hermetic electric compressor C 
is provided with the overload protector (the line current 
detector 63 or the overload switch 73) to cut off the sup- 
ply of power to the synchronous induction motor 2 in re- 
sponse to a predetermined overload current. Hence, the 

40 supply of power to the synchronous induction motor 2 
to restrain a temperature rise in the synchronous induc- 
tion motor 2 thereby to protect it if the hermetic electric 
compressor C is operated under an overload. This 
makes it possible to prevent damage to the synchronous 

^5 induction motor 2, permitting a markedly prolonged 
service life of the synchronous induction motor 2 with 
resultant markedly improved reliability of the hermetic 
electric compressor C. 

[0203] In the embodiments, the stainless steel plates 
50 have been used for the end surface members 66 and 
67 holding the permanent magnets 31. Alternatively, 
however, using aluminum plates that allow further easier 
passage of current for the end surface members 66 and 
67 will permit a reduction in the secondary resistance, 
55 leading to significantly higher operational performance. 
[0204] In the embodiments, the rotary compressor 
has been used as an example of the hermetic electric 
compressor C; however, the present invention is not lim- 
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ited thereto. The present invention may be also effec- 
tively applied to a hermetic scroll compressor constitut- 
ed by a pair of meshed scrolls. 

[0205] As described above in detail, according to the 
present invention, the synchronous induction motor in- 
cludes a stator equipped with a stator winding, a rotor 
rotating in the stator, a plurality of secondary conductors 
which is positioned around a rotor yoke constituting the 
rotor and which is formed by die casting, end rings which 
are positioned on the peripheral portions of both end 
surfaces of the rotor yoke and which are integrally 
formed with the secondary conductors by die casting, 
permanent magnets inserted in slots formed such that 
they penetrate the rotor yoke, and a pair of end surface 
members formed of a non-magnetic material that closes 
the openings of both ends of the slots, wherein one of 
the end surface members is secured to the rotor yoke 
by one of the end rings when the secondary conductors 
and end rings are formed, and the other end surface 
member is secured to the rotor yoke by a fixture. There- 
fore, one of the end surface members can be secured 
to the rotor yoke at the same time when the secondary 
conductors and the end rings are die-cast. 
[0206] With this arrangement, after the permanent 
magnets are inserted into the slots, the permanent mag- 
nets can be secured to the rotor merely by securing the 
other end surface member to the rotor yoke by a fixture. 
It is therefore possible to reduce the number of steps for 
installing the permanent magnets and to improve the as- 
semblability, permitting the overall productivity of syn- 
chronous induction motors to be dramatically improved. 
[0207] Furthermore, according to the present inven- 
tion, the synchronous induction motor includes a stator 
equipped with a stator winding, a rotor rotating in the 
stator, a plurality of secondary conductors which is po- 
sitioned around a rotor yoke constituting the rotor and 
which is formed by die casting, end rings which are po- 
sitioned on the peripheral portions of both end surfaces 
of the rotor yoke and which are integrally formed with 
the secondary conductors by die casting, permanent 
magnets inserted in slots formed such that they pene- 
trate the rotor yoke, and a pair of end surface members 
formed of a non-magnetic material that closes the open- 
ings of both ends of the slots, wherein a non-magnetic 
member is disposed in contact with the inner sides of 
the two end rings to secure the two end surface mem- 
bers by pressing them against the rotor yoke by the non- 
magnetic member. It is therefore possible to increase 
the sectional areas of the end rings by the amount pro- 
vided by pressing the end surface members against ro- 
tor yoke by the non-magnetic member. With this ar- 
rangement, the secondary resistance is decreased by 
the amount equivalent to the increase in the sectional 
areas of the end rings. Hence, the loss of the rotor can 
be decreased and the heat generation can be re- 
strained, and the magnetic forces of the magnets can 
be effectively used, making it possible to significantly im- 
prove the running performance of the synchronous in- 



duction motor. 

[0208] According to the present invention, the syn- 
chronous induction motor includes a stator equipped 
with a stator winding, a rotor rotating in the stator, a plu- 

5 rality of secondary conductors which is positioned 
around a rotor yoke constituting the rotor and which is 
formed by die casting, end rings which are positioned 
on the peripheral portions of both end surfaces of the 
rotor yoke and which are integrally formed with the sec- 

10 ondary conductors by die casting, permanent magnets 
inserted in slots formed such that they penetrate the ro- 
tor yoke, and a pair of end surface members formed of 
a non-magnetic material that closes the openings of 
both ends of the slots, wherein a balancer formed into 

'5 a predetermined shape beforehand is secured by a fix- 
ture to the rotor yoke together with the end surface mem- 
ber. Therefore, the ease of installation of the balancer 
can be considerably improved. With this arrangement, 
it is no longer necessary to secure the permanent mag- 

20 nets and the balancer separately, with consequent 
greater ease of installation. This permits dramatically 
improved productivity of the synchronous induction mo- 
tor. 

[0209] According to the present invention, the syn- 

25 chronous induction motor includes a stator equipped 
with a stator winding, a rotor rotating in the stator, a plu- 
rality of secondary conductors which is positioned 
around a rotor yoke constituting the rotor and which is 
formed by die casting, end rings which are positioned 

30 on the peripheral portions of both end surfaces of the 
rotor yoke and which are integrally formed with the sec- 
ondary conductors by die casting, permanent magnets 
inserted in slots formed such that they penetrate the ro- 
tor yoke, and a pair of end surface members which is 

35 formed of a non-magnetic material and which closes the 
openings of both ends of the slots, wherein a plurality of 
laminated sheet balancers is secured by a fixture to the 
rotor yoke together with the end surface member. There- 
fore, the ease of installation of the balancer is improved, 

40 permitting dramatically improved productivity to be 
achieved. Furthermore, since a plurality of sheet balanc- 
ers is laminated, using inexpensive metal sheets for the 
balancer allows a considerable reduction in the cost of 
the balancer. This leads to a dramatically reduced pro- 

45 duction cost of the synchronous induction motor. 

[0210] According to the present invention, the syn- 
chronous induction motor is provided with a stator 
equipped with a stator winding, a rotor rotating in the 
stator, a plurality of secondary conductors which is po- 

50 sitioned around a rotor yoke constituting the rotor and 
which is formed by die casting, end rings which are po- 
sitioned on the peripheral portions of both end surfaces 
of the rotor yoke and which are integrally formed with 
the secondary conductors by die casting, permanent 

55 magnets inserted in slots formed such that they pene- 
trate the rotor yoke, and a pair of end surface members 
formed of a non-magnetic material that closes the open- 
ings of both ends of the slots, wherein at least one of 
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the end surface members and a balancer are formed 
into one piece. Hence, the number of components can 
be reduced. This permits simpler installation of the end 
surface members, resulting in dramatically improved 
productivity. 5 
[0211] According to the present invention, the syn- 
chronous induction motor includes a stator equipped 
with a stator winding, a rotor rotating in the stator, a plu- 
rality of secondary conductors which is positioned 
around a rotor yoke constituting the rotor and which is 10 
formed by die casting, end rings which are positioned 
on the peripheral portions of both end surfaces of the 
rotor yoke and which are integrally formed with the sec- 
ondary conductors by die casting, permanent magnets 
inserted in slots formed such that they penetrate the ro- is 
tor yoke, a pair of end surface members formed of a non- 
magnetic material that closes the openings of both ends 
of the slots, and a balancer secured by being press-fitted 
to the inner side of at least one of the end rings. Hence, 
the installation of the balancer can be simplified. This 20 
arrangement makes it possible to significantly improve 
the productivity of the synchronous induction motor. 
[0212] According to the present invention, the syn- 
chronous induction motor includes a stator equipped 
with a stator winding, a rotor rotating in the stator, a plu- 25 
rality of secondary conductors which is positioned 
around a rotor yoke constituting the rotor and which is 
formed by die casting, end rings which are positioned 
on the peripheral portions of both end surfaces of the 
rotor yoke and which are integrally formed with the sec- 30 
ondary conductors by die casting, permanent magnets 
inserted in slots formed such that they penetrate the ro- 
tor yoke, and a pair of end surface members formed of 
a non-magnetic material that closes the openings of 
both ends of the slots in which the permanent magnets 35 
have been inserted, wherein the two end surface mem- 
bers are secured to the rotor yoke by the two end rings 
when the secondary conductors and the end rings are 
formed. This arrangement makes it possible to obviate 
the need of, for example, the cumbersome step for in- 40 
serting the permanent magnets into the slots, then at- 
taching the end surface members to both ends of the 
rotor yoke after die-casting the end rings, as in the case 
of a prior art. Thus, the productivity of the rotor can be 
dramatically improved. 45 
[0213] According to the present invention, the syn- 
chronous induction motor includes a stator equipped 
with a stator winding, a rotor which is secured to a ro- 
tating shaft and which rotates in the stator, a secondary 
conductor provided around the rotor yoke constituting so 
the rotor, and a permanent magnet embedded in the ro- 
tor yoke, wherein a magnetic field produced by the per- 
manent magnet does not pass through the rotating 
shaft. Thus, it is possible to prevent the rotating shaft 
from being magnetized. This arrangement makes it pos- 55 
sible to prevent iron powder or the like from adhering to 
the rotating shaft and to protect the rotating shaft and a 
bearing from being worn due to the friction attributable 



to the magnetic force of the permanent magnet. This 
permits secure prevention of damage to the motor 
caused by the friction. 

[0214] According to the present invention, the syn- 
chronous induction motor includes a stator equipped 
with a stator winding, a rotor which is secured to a ro- 
tating shaft and which rotates in the stator, a secondary 
conductor provided around the rotor yoke constituting 
the rotor, and a permanent magnet embedded in the ro- 
tor yoke, wherein a magnetic field produced by the per- 
manent magnet bypasses the rotating shaft. Thus, it is 
possible to prevent the rotating shaft from being mag- 
netized. This arrangement makes it possible to prevent 
iron powder or the like from adhering to the rotating shaft 
and to protect the rotating shaft and a bearing from being 
worn due to the friction attributable to the magnetic force 
of the permanent magnet. This permits secure preven- 
tion of damage to the motor caused by the friction. 
[0215] According to the present invention, the syn- 
chronous induction motor includes a stator equipped 
with a stator winding, a rotor which is secured to a ro- 
tating shaft and which rotates in the stator, a secondary 
conductor provided around the rotor yoke constituting 
the rotor, and a permanent magnet embedded in the ro- 
tor yoke, wherein a magnetic field produced by the per- 
manent magnet passes through only the rotor yoke, ex- 
cluding the rotating shaft. Thus, it is possible to prevent 
the rotating shaft from being magnetized. This arrange- 
ment makes it possible to prevent iron powder or the like 
from adhering to the rotating shaft and to protect the ro- 
tating shaft and a bearing from being worn due to the 
friction attributable to the magnetic force of the perma- 
nent magnet. This permits secure prevention of damage 
to the motor caused by the friction. 
[0216] In the synchronous induction motor in accord- 
ance with the present invention, a void is formed in the 
rotor yoke between the permanent magnet and the ro- 
tating shaft, so that the passage of the magnetic field 
produced by the permanent magnet can be reduced. 
Thus, it is possible to prevent the rotating shaft from be- 
ing magnetized. This arrangement makes it possible to 
prevent iron powder or the like from adhering to the ro- 
tating shaft and to protect the rotating shaft and a bear- 
ing from being worn due to the friction attributable to the 
magnetic force of the permanent magnet. This permits 
secure prevention of damage to the motor caused by 
the friction. 

[0217] In the synchronous induction motor in accord- 
ance with the present invention, a pair of the permanent 
magnets is disposed, sandwiching the rotating shaft 
therebetween, and permanent magnets for attracting 
the magnetic field produced by the paired permanent 
magnets are disposed at both ends of a line that passes 
the paired permanent magnets and the rotating shaft. It 
is therefore possible to prevent the magnetic field pro- 
duced by the paired permanent magnets from passing 
through the rotating shaft. Thus, it is possible to prevent 
the rotating shaft from being magnetized. This arrange- 
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ment makes it possible to prevent iron powder or the like 
from adhering to the rotating shaft and to protect the ro- 
tating shaft and a bearing from being worn due to the 
friction attributable to the magnetic force of the perma- 
nent magnet. This permits secure prevention of damage 
to the motor caused by the friction. 
[0218] In the synchronous induction motor in accord- 
ance with the present invention, the permanent magnets 
are provided at both ends of a line that connects two 
magnetic poles, and the permanent magnets are radi- 
ally disposed substantially about the rotating shaft. 
Hence, the magnetic field produced by the permanent 
magnets can be spaced away from the rotating shaft. 
Thus, it is possible to prevent the rotating shaft from be- 
ing magnetized. This arrangement makes it possible to 
prevent iron powder or the like from adhering to the ro- 
tating shaft and to protect the rotating shaft and a bear- 
ing from being worn due to the friction attributable to the 
magnetic force of the permanent magnet. This permits 
secure prevention of damage to the motor due to the 
friction. 

[0219] According to the present invention, the syn- 
chronous induction motor includes a stator equipped 
with a stator winding : a rotor rotating in the stator, a sec- 
ondary conductor provided around the rotor yoke con- 
stituting the rotor, and a permanent magnet embedded 
in the rotoryoke, wherein the permanent magnet is mag- 
netized by current passed through the stator winding. 
Hence, for example, a rotor in which a magnetic material 
for the permanent magnet that has not yet been mag- 
netized has been inserted is installed in the stator, so 
that the rotor can be inserted into the stator without be- 
ing magnetically attracted to its surrounding. This ar- 
rangement makes it possible to prevent inconvenience 
of lower productivity of the synchronous induction motor, 
thus permitting improved assemblability of the synchro- 
nous induction motor. This allows a synchronous induc- 
tion motor with high reliability to be provided. 
[0220] In the synchronous induction motor in accord- 
ance with the present invention, the permanent magnet 
is made of a rare earth type magnet or a ferrite magnet, 
so that high magnet characteristic can be achieved. 
With this arrangement, the magnitude of the current 
passed through the stator winding can be reduced so 
as to control the temperature at the time of magnetiza- 
tion to a minimum. Hence, the deformation of the rotor 
or the stator or the like that would be caused by high 
temperature can be minimized, making it possible to 
provide a synchronous induction motor with secured 
high quality. 

[0221] Especially in the case of a synchronous induc- 
tion motor, current passes through the secondary con- 
ductor even during normal synchronous operation, 
causing the temperature of the entire rotor to rise. 
Therefore, a reduction in demagnetization at high tem- 
perature can be restrained by using, for example, a fer- 
rite magnet or a rare earth type magnet (the coercive 
force at normal temperature being 1350 to 2150 kA/m 



and the coercive force temperature coefficient being 
-0.7%/°C or less). 

[0222] In the synchronous induction motor in accord- 
ance with the present invention, the stator winding is of 

5 a single-phase configuration and has a primary winding 
and an auxiliary winding, and the permanent magnet is 
magnetized by the current passed through either the pri- 
mary winding or the auxiliary winding. Hence, it is pos- 
sible to achieve better magnetizing performance than, 

10 for example, in the case where current is passed 
through both the primary winding and the auxiliary wind- 
ing at the same time. This allows an unmagnetized mag- 
net material to be intensely magnetized. 
[0223] In the synchronous induction motor in accord- 

15 ance with the present invention, the stator winding is of 
a three-phase configuration that includes a three-phase 
winding. The permanent magnet is magnetized by cur- 
rent passed through a single phase, two phases, or 
three phases of the stator windings. Therefore, it is pos- 

20 sible to select the phase or phases through which cur- 
rent is to be passed according to the disposition of the 
magnet or the permissible current (against deformation 
or the like) of the windings. 

[0224] In the synchronous induction motor in accord - 
25 ance with the present invention, the stator windings are 
coated with varnish or a sticking agent that is heated to 
fuse the windings. Hence, for example, even if the stator 
windings generate heat and become hot when an un- 
magnetized magnet material inserted into the rotor is 
30 magnetized by passing current through the stator wind- 
ings, it is possible to restrain the deformation of winding 
ends of the stator windings and the deterioration of wind- 
ing films caused by the heat. Thus, since the winding 
ends of the stator windings do not deform even if an un- 
35 magnetized magnet material inserted into the rotor is 
magnetized, a highly reliable synchronous induction 
motor can be provided. 

[0225] Furthermore, according to the present inven- 
tion, the synchronous induction motor in accordance 
40 with the present invention is installed in a compressor, 
allowing the production cost of the compressor to be 
considerably reduced. 

[0226] In addition, it is possible to prevent inconven- 
iences in that iron powder adhere to the rotating shaft 
45 of the synchronous induction motor of the compressor 
orthe rotating shaft is magnetically attracted to the bear- 
ing and wears itself. This makes it possible to prevent 
the operation performance of the compressor from de- 
grading. 

50 [0227] Moreover, according to the present invention, 
the compressor is used with an air conditioner or an 
electric refrigerator or the like. Hence, the production 
cost of the air conditioner or the electric refrigerator can 
be decreased. 

55 [0228] It is also possible to restrain the degradation 
of the operation performance of the air condition or the 
electric refrigerator or the like. 

[0229] According to the present invention, the manu- 
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facturing method for a synchronous induction motor 
having a stator equipped with a stator winding, a rotor 
rotating in the stator, a secondary conductor provided 
around a rotor yoke constituting the rotor, and a perma- 
nent magnet embedded in the rotor yoke, includes a 
step for embedding a magnet constituent for the perma- 
nent magnet in the rotor yoke and a step for passing 
current through the stator winding to magnetize the 
magnet constituent. Hence, the rotor can be inserted in- 
to the stator without being magnetically attracted to its 
surrounding, permitting dramatically improved assem- 
blability of the synchronous induction motor. This makes 
it possible to prevent an inconvenience of reduced pro- 
ductivity of the synchronous induction motor, which per- 
mits improved assemblability of the synchronous induc- 
tion motor. As a result, a highly reliable synchronous in- 
duction motor can be provided. 

[0230] In the manufacturing method for the synchro- 
nous induction motor in accordance with the present in- 
vention, a rare earth type or ferrite material is used for 
the magnet constituent. Therefore, a high magnet char- 
acteristic can be achieved even if, for example, a mag- 
netizing magnetic field is weak. This makes it possible 
to reduce the current passing through the stator winding 
so as to minimize a temperature rise that occurs at the 
time of magnetization. Thus, the deformation of the rotor 
or the stator or the like caused by high temperature can 
be minimized, ensuring high quality of the synchronous 
induction motor. 

[0231] In the manufacturing method for the synchro- 
nous induction motor in accordance with the present in- 
vention, the stator winding is of a single-phase configu- 
ration and has a primary winding and an auxiliary wind- 
ing, and the magnet constituent is magnetized by the 
current passed through either the primary winding or the 
auxiliary winding. Hence, it is possible to achieve better 
magnetizing performance than, for example, in the case 
where current is passed through both the primary wind- 
ing and the auxiliary winding at the same time. This al- 
lows an unmagnetized magnet material to be intensely 
magnetized. 

[0232] In the manufacturing method for the synchro- 
nous induction motor in accordance with the present in- 
vention, the stator winding is of a three-phase configu- 
ration that includes a three-phase winding. The magnet 
constituent is magnetized by current passed through a 
single phase, two phases, or three phases of the stator 
windings. Therefore, it is possible to select the phase or 
phases through which current is to be passed according 
to the disposition of the magnet or the permissible cur- 
rent (against deformation or the like) of the windings. 
[0233] In the manufacturing method for the synchro- 
nous induction motor in accordance with the present in- 
vention, the stator windings are coated with varnish or 
a sticking agent that is heated to fuse the windings. 
Hence, for example, even if the stator windings are sub- 
jected to electromagnetic forces when an unmagnetized 
magnet material inserted into the rotor is magnetized by 



passing current through the stator windings, it is possi- 
ble to restrain the deformation of the windings and the 
deterioration of the films of the windings. Thus, since the 
winding ends of the stator windings do not deform even 
5 if an unmagnetized magnet material inserted into the ro- 
tor is magnetized, a highly reliable synchronous induc- 
tion motor can be provided. 

[0234] According to the present invention, the drive 
unit for a synchronous induction motor includes a stator 
10 equipped with a stator winding formed of a primary wind- 
ing and an auxiliary winding, a rotor rotating in the stator, 
a secondary conductor provided around a rotor yoke 
constituting the rotor, a permanent magnet embedded 
in the rotor yoke, an operating capacitor connected to 

*5 the auxiliary winding, and a series circuit of a start-up 
capacitor and a PTC, which is connected in parallel to 
the operating capacitor. This arrangement permits larg- 
er running torque to be provided at starting up the syn- 
chronous induction motor equipped with the operating 

20 capacitor connected to the auxiliary winding and the se- 
ries circuit of the start-up capacitor and the PTC, which 
is connected in parallel to the operating capacitor. This 
enables the power consumed during normal operation 
to be reduced, making it possible to provide a drive unit 

25 capable of running the synchronous induction motor 
with extremely high efficiency. Hence, considerably 
higher efficiency can be achieved during the operation 
of the synchronous induction motor. 
[0235] According to the present invention, the drive 

30 unit for a synchronous induction motor that includes a 
stator equipped with a stator winding formed of a prima- 
ry winding and an auxiliary winding, a rotor rotating in 
the stator, a secondary conductor provided around a ro- 
tor yoke constituting the rotor, a permanent magnet em- 

35 bedded in the rotor yoke, an operating capacitor con- 
nected to the auxiliary winding, and a PTC connected 
in parallel to the operating capacitor. This arrangement 
permits larger running torque to be provided at starting 
up the synchronous induction motor equipped with the 

^0 operating capacitor connected to the auxiliary winding 
and the PTC connected in parallel to the operating ca- 
pacitor. This enables the power consumed during nor- 
mal operation to be reduced, making it possible to pro- 
vide a drive unit capable of running the synchronous in- 

45 duction motor with extremely high efficiency. Hence, 
considerably higher efficiency can be achieved during 
the operation of the synchronous induction motor. 
[0236] According to the present invention, the drive 
unit for a synchronous induction motor includes a stator 

50 equipped with a stator winding formed of a primary wind- 
ing and an auxiliary winding, a rotor rotating in the stator, 
a secondary conductor provided around a rotor yoke 
constituting the rotor, a permanent magnet embedded 
in the rotor yoke, an operating capacitor connected to 

55 the auxiliary winding, and a series circuit of a start-up 
capacitor and a start-up relay contact, which is connect- 
ed in parallel to the operating capacitor. This arrange- 
ment permits larger running torque to be provided at 
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starting up the synchronous induction motor equipped 
with the operating capacitor connected to the auxiliary 
winding and the series circuit of the start-up capacitor 
and the start-up relay contact, which is connected in par- 
allel to the operating capacitor. This enables the power 
consumed during normal operation to be reduced, mak- 
ing it possible to provide a drive unit capable of running 
the synchronous induction motor with extremely high ef- 
ficiency. Hence, considerably higher efficiency can be 
achieved during the operation of the synchronous induc- 
tion motor. 

[0237] According to the present invention, the drive 
unit for a synchronous induction motor includes a stator 
equipped with a stator winding formed of a primary wind- 
ing and an auxiliary winding, a rotor rotating in the stator, 
a secondary conductor provided around a rotor yoke 
constituting the rotor, a permanent magnet embedded 
in the rotor yoke, and an operating capacitor connected 
to the auxiliary winding. This arrangement permits larger 
running torque to be provided at starting up the synchro- 
nous induction motor equipped with the operating ca- 
pacitor connected to the auxiliary winding. This enables 
the power consumed during normal operation to be re- 
duced, making it possible to provide a drive unit capable 
of running the synchronous induction motor with ex- 
tremely high efficiency. Hence, considerably higher ef- 
ficiency can be achieved during the operation of the syn- 
chronous induction motor. 

[0238] According to the present invention, the hermet- 
ic electric compressor includes a compression unit and 
an electric unit for driving the compression unit in a her- 
metic vessel, wherein the electric unit is secured to the 
hermetic vessel and constituted by a stator equipped 
with a stator winding and a rotor rotating in the stator, 
the rotor has a secondary conductor provided around a 
rotor yoke and a permanent magnet embedded in the 
rotor yoke, and a thermal protector for cutting off the 
supply of current to the electric unit in response to a pre- 
determined temperature rise is provided in the hermetic 
vessel. Therefore, installing the thermal protector onto 
the stator winding, for example, makes it possible to cut 
off the supply of current to the electric unit if the temper- 
ature of the stator winding rises. This arrangement 
makes it possible to prevent the permanent magnet em- 
bedded in the rotor yoke from being thermally demag- 
netized by a rise in temperature of the electric unit. 
Hence, the supply of current to the stator winding can 
be cut off before the stator winding generates abnormal 
heat while the hermetic electric compressor is in oper- 
ation. This makes it possible to securely prevent dam- 
age to the stator winding and thermal demagnetization 
of the permanent magnet so as to ideally maintain the 
driving force of a synchronous induction motor, permit- 
ting significantly improved reliability of the electric unit. 
[0239] According to the present invention, the hermet- 
ic electric compressor has a compression unit and an 
electric unit for driving the compression unit in a hermet- 
ic vessel, wherein the electric unit is secured to the her- 
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metic vessel and constituted by a stator equipped with 
a stator winding and a rotor rotating in the stator, the 
rotor has a secondary conductor provided around a rotor 
yoke and a permanent magnet embedded in the rotor 
5 yoke, and a thermal protector for cutting off the supply 
of current to the electric unit in response to a predeter- 
mined temperature rise is provided on the outer surface 
of the hermetic vessel. Therefore, it is possible to cut off 
the supply of current to the electric unit if the tempera- 
10 ture of the outer surface of the hermetic vessel rises due 
to the heat generated by the electric unit. Thus, a tem- 
perature rise in the hermetic vessel can be restrained, 
so that an accident, such as a fire, caused by a temper- 
ature rise in the hermetic vessel can be prevented. 
15 [0240] In the hermetic electric compressor in accord- 
ance with the present invention, the thermal protector is 
constructed of a thermistor whose resistance value var- 
ies with temperature and a controller that controls the 
supply of current to the electric unit according to a 
20 change in the resistance value of the thermistor. Thus, 
if, for example, the temperature of the hermetic electric 
compressor rises and exceeds a preset level, the con- 
troller controls the supply of current to the electric unit 
to reduce the number of revolutions of the electric unit 
25 or cut off the supply of current to the electric unit. With 
this arrangement, it is possible to control the current 
supplied to the stator winding before the hermetic elec- 
tric compressor is run under an overload condition and 
damaged. Thus, since the temperature of the electric 
30 unit can be controlled without the need for interrupting 
the operation of the hermetic electric compressor an in- 
convenience, such as inadequate cooling, attributable 
to an interrupted operation of the hermetic electric com- 
pressor can be securely avoided. Moreover a temper- 
35 ature rise in the electric unit can be securely controlled 
by controlling the revolution of the electric unit, enabling 
the service life of the electric unit to be prolonged, with 
resultant dramatically improved reliability of the hermet- 
ic electric compressor. 
40 [0241] In the hermetic electric compressor in accord- 
ance with the present invention, the thermal protector is 
constituted by a bimetal switch, so that the current sup- 
plied to the electric unit can be cut off also if the temper- 
ature of the hermetic electric compressor rises. This ob- 
45 viates the need for control lably adjustingthe electric unit 
by using an expensive circuit device, making it possible 
to effect inexpensive and secure protection of the her- 
metic electric compressor from damage caused by a 
temperature rise. 
so [0242] In the hermetic electric compressor in accord- 
ance with the present invention, the thermal protector is 
constituted by a thermostat that opens/closes a contact 
according to temperature, so that the current supplied 
to the electric unit can be cut off also if the temperature 
55 of the hermetic electric compressor rises. This obviates 
the need for controllably adjusting the electric unit by 
using an expensive circuit device, making it possible to 
effect inexpensive and secure protection of the hermetic 



34 



67 EP 1 246 348 A2 68 



electric compressor from damage caused by a temper- 
ature rise. 

[0243] According to a further aspect of the present in- 
vention, the hermetic electric compressor includes a 
compression unit and an electric unit for driving the com- 
pression unit in a hermetic vessel, wherein the electric 
unit is secured to the hermetic vessel and constituted 
by a stator equipped with a stator winding and a rotor 
rotating in the stator, the rotor has a secondary conduc- 
tor provided around a rotor yoke and a permanent mag- 
net embedded in the rotor yoke, and an overload pro- 
tector for cutting off the supply of current to the electric 
unit at a predetermined overload current is provided. 
Therefore, it is possible to cut off the supply of current 
to the electric unit if the hermetic electric compressor is 
overloaded during operation, thereby allowing the elec- 
tric unit to be protected from a temperature rise. Thus, 
damage to the electric unit can be prevented, enabling 
the service life of the electric unit to be considerably pro- 
longed, with resultant dramatically improved reliability 
of the hermetic electric compressor. 
[0244] In the hermetic electric compressor in accord- 
ance with the present invention, the overload protector 
is constituted by an overload switch, so that the current 
supplied to the electric unit can be cut off to prevent a 
temperature rise in the electric unit thereby to protect it 
if the hermetic electric compressor is overloaded during 
operation. Thus, damage to the electric unit can be pre- 
vented, enabling the service life of the electric unit to be 
considerably prolonged, with resultant dramatically im- 
proved reliability of the hermetic electric compressor. 
[0245] In the hermetic electric compressor in accord- 
ance with the present invention, the overload protector 
is constituted by a current transformer for detecting the 
current supplied to the electric unit and a controller for 
controlling the supply of current to the electric unit on 
the basis of an output of the current transformer, so that 
the current supplied to the electric unit can be cut off by 
the controller if the hermetic electric compressor is over- 
loaded during operation. This arrangement makes it 
possible to prevent a temperature rise in the electric unit 
so as to protect the electric unit. Hence, damage to the 
electric unit attributable to an overload current can be 
securely prevented. 

[0246] In the hermetic electric compressor in accord- 
ance with the present invention, the controller cuts off 
the supply of current to the electric unit after a predeter- 
mined time elapses since a temperature or current ex- 
ceeded a predetermined value. It is therefore possible 
to protect, by the controller, the electric unit which would 
be damaged if continuously subjected to an excessive 
temperature rise or overcurrent caused by an overload 
operation or the like of the hermetic electric compressor. 
Thus, damage to the electric unit can be prevented, en- 
abling the service life of the electric unit to be consider- 
ably prolonged, with resultant dramatically improved re- 
liability of the hermetic electric compressor. 
[0247] In the hermetic electric compressor in accord- 



ance with the present invention, the controller restarts 
the supply of current to the electric unit after waiting for 
the elapse of a predetermined delay time since the sup- 
ply of current to the electric unit was cut off. This means 

5 that the delay time is always allowed before the supply 
of current to the electric unit is resumed after the supply 
of current to the electric unit was cut off. It is therefore 
possible to prevent the rotor from becoming hot due to, 
for example, frequent repetition of energizing and de- 

10 energizing of the electric unit. Hence, demagnetization 
of the permanent magnet embedded in the rotor due to 
heat can be prevented. 



is Claims 

1 . A synchronous induction motor comprising a stator 
having a stator winding, a rotor having a rotor yoke 
mounted for rotation in the stator, a plurality of sec- 

20 ondary conductors positioned around the rotor yoke 
which are formed by die casting, end rings disposed 
on the peripheral portions of both end surfaces of 
the rotor yoke, the end rings being integrally die cast 
with the secondary conductors, a permanent mag- 

25 net disposed in a slot in the rotor yoke, and a pair 
of end surface members formed of a non-magnetic 
material, each end surface member being disposed 
on the rotor yoke so as to close the slot character- 
ised in that at least one of the end surface mem- 

30 bers is secured to the rotor yoke by one of the end 
rings when the secondary conductors and end rings 
are integrally die cast. 

2. A synchronous induction motor according to claim 
35 1 wherein one of the end surface members is se- 
cured to the rotoryoke by one of the end rings when 
the secondary conductors and end ring are integral- 
ly die cast, the other end surface member being se- 
cured to the rotor yoke by a fixture. 



40 

3. A synchronous induction motor comprising a stator 
having a stator winding, a rotor having a rotoryoke 
mounted for rotation in the stator, a plurality of sec- 
ondary conductors positioned aroundthe rotoryoke 

4 $ which are formed by die casting, end rings disposed 
on the peripheral portions of both end surfaces of 
the rotor yoke, the end rings being integrally die cast 
with the secondary conductors, a permanent mag- 
net disposed in a slot in the rotor yoke, and a pair 

50 of end surface members formed of a non-magnetic 
material, each end surface member being disposed 
on the rotor yoke so as to close the slot character- 
ised by non-magnetic members disposed in con- 
tact with the inner periphery of at least one of the 

55 end rings, the non-magnetic members being con- 
figured so as to press the or each end surface mem- 
ber against the rotoryoke to secure the or each end 
surface member thereto. 
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4. A synchronous induction motor comprising a stator 
having a stator winding, a rotor having a rotor yoke 
mounted for rotation in the stator a plurality of sec- 
ondary conductors positioned around the rotor yoke 
which are formed by die casting, end rings disposed 
on the peripheral portions of both end surfaces of 
the rotoryoke, the end rings being integrally die cast 
with the secondary conductors, a permanent mag- 
net disposed in a slot in the rotor yoke, and a pair 
of end surface members formed of a non-magnetic 
material, each end surface member being disposed 
on the rotor yoke so as to close the slot character- 
ised in that at least one end surface member is 
mounted together with a balancing member to the 
rotor yoke by a fixture. 

5. A synchronous induction motor according to claim 
4 wherein the balancing member comprises a plu- 
rality of laminated sheets. 

6. A synchronous induction motor according to claim 
4 wherein at least one of the end surface members 
and a balancing member are integrally formed. 

7. A synchronous induction motor comprising a stator 
having a stator winding, a rotor having a rotor yoke 
mounted for rotation in the stator, a plurality of sec- 
ondary conductors positioned around the rotoryoke 
which are formed by die casting, end rings disposed 
on the peripheral portions of both end surfaces of 
the rotoryoke, the end rings being integrally die cast 
with the secondary conductors, a permanent mag- 
net disposed in a slot, a pair of end surface mem- 
bers formed of a non-magnetic material, each end 
surface member being disposed on the rotor yoke 
so as to close the slot, characterised by a balanc- 
ing member which forms a press-fit with at least one 
of the end rings. 

8. A synchronous induction motor comprising a stator 
having a stator winding, a rotor having a rotor yoke 
mounted on a shaft for rotation in the stator, a sec- 
ondary conductor positioned around the rotor yoke, 
and a permanent magnet received in the rotoryoke, 
wherein a magnetic field produced by the perma- 
nent magnet does not extend through the shaft. 

9. A synchronous induction motor according to claim 
8 wherein a magnetic field produced by the perma- 
nent magnet extends through the rotor yoke only. 

10. The synchronous induction motor according to 
claim 8 or claim 9 wherein a void is formed in the 
rotor yoke between the permanent magnet and the 
shaft. 

1 1 . The synchronous induction motor according to any 
of claims 8 to 1 0 including a pair of permanent mag- 



70 

nets arranged such that the shaft extends between 
them and permanent magnets for attracting the 
magnetic field produced by the paired permanent 
magnets are further disposed at both ends of a line 
5 that passes the paired permanent magnets and the 
shaft. 

12. The synchronous induction motor according to any 
of claims 8 to 10 wherein the permanent magnets 

10 are provided at both ends of a line that connects two 
magnetic poles s and the permanent magnets are ra- 
dially disposed substantially about the shaft. 

13. A synchronous induction motor comprising a stator 
15 having a stator winding, a rotor having a rotor yoke 

mounted for rotation in the stator, a secondary con- 
ductor provided around the rotor yoke, and a per- 
manent magnet embedded in the rotoryoke, char- 
acterised in that the permanent magnet is magnet- 
20 ized by current passed through the stator winding. 

14. The synchronous induction motor according to 
claim 13 wherein the permanent magnet is made of 
a rare earth type magnet or a ferrite magnet. 

25 

15. The synchronous induction motor according to 
claim 13 or claim 14 wherein the stator winding is 
of a single-phase configuration and has a primary 
winding and an auxiliary winding, and the perma- 

30 nent magnet is magnetized by the current passed 
through either the primary winding or the auxiliary 
winding. 

16. The synchronous induction motor according to 
35 claim 13 or claim 14 wherein the stator winding is 

of a three-phase configuration that includes a three- 
phase winding, and the permanent magnet is mag- 
netized by current passed through a single phase, 
two phases, or three phases of the stator windings. 

40 

17. The synchronous induction motor according to any 
of claims 1 3 to 1 6 wherein the stator winding is coat- 
ed with varnish or a sticking agent that is heated to 
fuse the winding. 

45 

18. The synchronous induction motor according to any 
preceding claim installed in a compressor. 

19. The synchronous induction motor according to 
so claim 1 8 wherein the compressor is used with an air 

conditioner or an electric refrigerator or the like. 

20. A manufacturing method for a synchronous induc- 
tion motor that has a stator having a stator winding, 

55 a rotor having a rotor yoke mounted for rotation in 
the stator, a secondary conductor provided around 
the rotoryoke, and a permanent magnet embedded 
in the rotor yoke, the manufacturing method com- 
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prising the steps of inserting a magnetic material for 
the permanent magnet in the rotor yoke, and pass- 
ing current through the stator winding to magnetize 
the magnetic material. 

21 . A method according to claim 20 wherein a rare earth 
type orferrite material is used for the magnetic ma- 
terial. 

22. A method according to claim 20 or claim 21 wherein 
the stator winding is of a single-phase configuration 
and has a primary winding and an auxiliary winding, 
the permanent magnet being magnetized by the 
current passed through either the primary winding 
or the auxiliary winding. 

23. A method according to claim 20 or claim 21 wherein 
the stator winding is of a three-phase configuration 
that includes a three-phase winding, and the per- 
manent magnet being magnetized by current 
passed through a single phase, two phases, or 
three phases of the stator windings. 

24. A method according to any of claims 20 to 23 in- 
cluding the step of coating the stator winding with 
varnish or a sticking agent that is heated to fuse the 
windings. 

25. A synchronous induction motor comprising a stator 
having a stator winding formed of a primary winding 
and an auxiliary winding, a rotor having a rotor yoke 
mounted for rotation in the stator, a secondary con- 
ductor provided around the rotor yoke, a permanent 
magnet embedded in the rotor yoke and a drive unit 
for the synchronous induction motor, character- 
ised in that the drive unit includes an operating ca- 
pacitor connected to the auxiliary winding. 

26. A synchronous induction motor according to claim 

25 wherein the drive unit includes a PTC connected 
in parallel to the operating capacitor. 

27. A synchronous induction motor according to claim 

26 wherein a start-up capacitor is connected in se- 
ries with the PTC. 

28. A synchronous induction motor according to claim 
25 wherein the drive unit includes a start-up capac- 
itor and a start-up relay contact connected in series, 
the start-up capacitor and start-up relay being con- 
nected in parallel to the operating capacitor. 

29. A hermetic electric compressor comprising a com- 
pression unit and an electric unit for driving the com- 
pression unit in a hermetic vessel, wherein the elec- 
tric unit is secured to the hermetic vessel and com- 
prises a stator having a stator winding and a rotor 
having a rotor yoke mounted for rotation in the sta- 



tor, the rotor comprises a secondary conductor pro- 
vided around the rotor yoke and a permanent mag- 
net embedded in the rotor yoke, characterised by 
a thermal protecting means for cutting off the supply 
of current to the electric unit in response to a pre- 
determined temperature rise in the hermetic vessel. 

30. The hermetic electric compressor according to 
claim 29 wherein the thermal protecting means is 
installed on the stator winding. 

31. A hermetic electric compressor according to claim 
30 wherein the thermal protecting means for cutting 
off the supply of current to the electric unit in re- 
sponse to a predetermined temperature rise is pro- 
vided on the outer surface of the hermetic vessel. 

32. The hermetic electric compressor according to any 
of claims 29to 31 wherein the thermal protecting 
means comprises a thermistor whose resistance 
value varies with temperature and a controller that 
controls the supply of current to the electric unit ac- 
cording to a change in the resistance value of the 
thermistor. 

33. The hermetic electric compressor according to any 
of claims 29 to 31 wherein the thermal protecting 
means comprises a bimetal switch. 

34. The hermetic electric compressor according to any 
of claims 29 to 31 wherein the thermal protecting 
means comprises a thermostat that opens/closes a 
contact according to temperature. 

A hermetic electric compressor comprising a com- 
pression unit and an electric unit for driving the com- 
pression unit in a hermetic vessel, wherein the elec- 
tric unit is secured to the hermetic vessel and con- 
stituted by a stator having a stator winding and a 
rotor having a rotor yoke mounted for rotation in the 
stator, the rotor comprises a secondary conductor 
provided around the rotor yoke and a permanent 
magnet embedded in the rotor yoke, characterised 
by overload protecting means for cutting off the sup- 
ply of current to the electric unit when a predeter- 
mined overload current is reached. 

36. The hermetic electric compressor according to 
claim 35 wherein the overload means comprises an 
overload switch. 

37. The hermetic electric compressor according to 
claim 35 wherein the overload protecting means 
comprises a current transformer for detecting the 
current supplied to the electric unit and a controller 
for controlling the supply of current to the electric 
unit on the basis of an output of the current trans- 
former. 
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38. The hermetic electric compressor according to 
claim 21 or claim 37 wherein the controller cuts off 
the supply of current to the electric unit when a pre- 
determined temperature or current has been 
reached for a predetermined time period. 5 

39. The hermetic electric compressor according to 
claim 37 wherein the controller restarts the supply 
of current to the electric unit after a predetermined 
time period has elapsed following the termination of 10 
the current supply to the electric unit. 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 



1. Claims: 1,2 



Synchronous motor, the rotor having permanent magnets, 
secondary conductors, end rings, and non-magnetic 
end-surface members, the end rings being integrally die-cast 
with the secondary conductors, at least one of the 
end- surface members being secured to the rotor yoke by one 
of the end rings when the secondary conductors and the end 
rings are integrally die-cast. 



2. Claim 



Synchronous motor, the rotor having permanent magnets, 
secondary conductors, end rings, and non-magnetic 
end-surface members, the end rings being integrally die-cast 
with the secondary conductors, non-magnetic members being 
disposed in contact with the inner periphery of the end 
rings, to press the end-surface members against the rotor 
yoke to secure them thereto. 



3. Claims: 4-6 



Synchronous motor, the rotor having permanent magnets, 
secondary conductors, end rings, and non-magnetic 
end-surface members, the end rings being integrally die-cast 
with the secondary conductors, at least one of the 
end-surface members being mounted together with a balancing 
member to the rotor yoke by a fixture. 



4. Claim : 7 



Synchronous motor, the rotor having permanent magnets, 
secondary conductors, end rings, and non-magnetic 
end-surface members, the end rings being integrally die-cast 
with the secondary conductors, a balancing member forming a 
press-fit with at least one of the end rings. 



5. Claims: 8-12 



Synchronous motor, the rotor having permanent magnets and 
secondary conductors, wherein a magnetic field produced by 
the permanent magnets does not extend through the shaft. 



6. Claims: 13-24 



Synchronous motor, the rotor having a permanent magnet and 
secondary conductors, the permanent magnet being magnetized 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

by current passed through the stator winding, and 
manufacturing method - 



7. Claims: 25-28 

Synchronous motor, the rotor having a permanent magnet and 
secondary conductors, the stator having a winding formed by 
a primary winding and an auxiliary winding, a drive unit 
including an operating capacitor connected to the auxiliary 
winding. ie-cast with the end rings 



8. Claims: 29-34 

Hermetic electric compressor driven by a motor having a 
wound stator and a rotor with a permanent magnet and 
secondary conductors, a termal protecting means cutting off 
the current supply in response to a predetermined 
temperature rise in the hermetic vessel 



9. Claims: 35-39 

Hermetic electric compressor driven by a motor having a 
wound stator and a rotor with a permanent magnet and 
secondary conductors, overload protecting means cutting off 
the current supply when a predetermined overload current is 
reached. 
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